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P X^nwosis TTT^THOD ANn reagents 



The invention encompasses methods and reagents for the 
diagnosis of a disease caused by or associated with a gene 
having a somatic mutation giving rise to a frameshift 
mutation. The methods include the steps of providing a body 
10 fluid or tissue sample from a patient; and analyzing the 
sample for the presence of a gene having a frameshift 
mutation or a protein encoded thereby, wherein the presence 
of the mutated gene or encoded protein is indicative of the 
disease. 

15 

wRrKr,RotmD OF thk thvention 

Many diseases are believed to stem from somatic 
genetic mutation rather than inherited gene abnormalities, 
20 including different types of cancers and neurodegenerative 
diseases. 

Diseases which are caused by somatic mutation are 
often age-related, with an increasing incidence of somatic 

25 mutation with increasing age. For example, the prevalence 
of cancer increases with age, and it appears that some 
cancers are caused by somatic mutation. Cancer is the 
second leading cause of death in the United States, 
accounting for approximately 500,000 deaths (or 20 percent 

30 of all deaths) per year. These diseases are so prevalent 
that unless current trends are reversed, one in three living 
Americans will develop cancer at some time. Cancers are 
usually detected by clinical methods and cytological methods 
and are difficult to detect early. In some cases, familial 

3 5 cancers have been traced to inherited genes, and detection 
of such genes is believed to be predictive of susceptibility 
to the cancer. 
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-Liiy tne disease increases with i-u^ ^ ^ 
The invention contemplates aetection 

t-ose age relafa diseases Imc; L °' 

-currin, in the of somatic ceUs x/tTe \ 

not corrected, the disease „ay resuU. "° 

Another object of the invention is to tr„^ 

::::::: ^firtrrth'r:^ - ~-rr" 
-eiop the dis'r c:^:::::ra:r ::: : - 

15 oligonucleotide. ^^^"^ as an- enzyme or 

.ethodtrT:en;;.vT;°" " ^= ^° ^-^"^ ^ 

iaentiftauonrttcti;: an'd^t "^"^ " 

.^i-ases inci^din, cancer " .esrX ^ "h^ 
«ncers) and neurodeoenerative '! """-hereditary 

25 Disease (AD) pa^i' "^"^-i"- s 

K^u) , Parkinson's Disease rpn\ rN 

frontal icbe dementia ,Pic"s Z j T' ' 
supranuclear palsy (PSP, a^vl ""ease, , progressive 
Huntington's Disease I"-"! sclerosis, 

degenerative diseases ', arTv ^-'^ 
" ^or effective treltrent "'"^ ""'""^'^ ^"-o"- 

Alzheimer's Disease ic in a. 
is roi.^ ^ . "-isease is m most cases a disease which 

t'Pocampus and the presence of plaques dvsi-r-or,K • 
and neurofibrillarv t;,noi dystrophic neurites 

^icriiiary tangles, m most cases it is n«i- u 
whether ad ic ^=.,. ^ it is not known 

v-ner AD is caused by a genetically inherihoH 
environmental factors . „ inherited trait or by 

factors, e.g., somatic mutations, or both. 
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The pathogenic mutation is unknown. 

Another object of the invention is to provide a 
diagnostic test for AD which enables definitive diagnosis of 
■5 AD in living patients. Furthermore, as AD is a progressive 
disease, it is desirable to diagnose AD as early as possible 
so that preventative action may be taken* 

A number of diagnostic methods have been previously 
10 suggested for AD diagnosis, most of which have focused on 
the amyloid protein. See for example U.S. Patents 
4,666,829, 4,816,416 and 4,933,159. However, amyloid 
deposits have been found in individuals, especially aged 
persons, who have not shown signs of dementia (See J. Biol. 
15 Chem., 265, pp 15977, 1990; and Tables 2 and 3). Diagnostic 
tests based on the amyloid protein have therefore been shown 
to lack specificity for AD. 

In U.S. Patent 4,727,041 a diagnostic test for AD is 
20 described based on measuring levels of somatotropin and 
somatomedin-C in blood sera following administration of an 
L-dopa proactive test. 

In International patent application WO 94/02851, a 
25 method is described for identifying AD by the use of 
antibodies having affinity for paired helical filaments in 
order to determine the levels of paired helical filaments in 
cerebral spinal fluid. The presence of paired helical 
filaments is alleged to be indicative of AD. 

30 

Other diagnostic methods are based on the 
identification of "disease specific marker proteins" in the 
cerebral spinal fluid. In International patent application 
WO 95/05604, for example, five disease specific proteins are 
35 identified by their molecular weights. However, the 
specific identity of the proteins is unknown and their 
specific relationship to the pathogenesis of AD is also 
unknown. The five "disease specific marker proteins" may 

SUBSTITUTE SHEET (RULE 25) 



wo 97/12992 , PCT/lB96/0nO6 



therefore be present as a result of a more fundamental 
cellular or biochemical change. 

Another object of the invention is to provide for 
5 detection of AD preferably early on in the disease state. 
It is desirable to detect a protein or substance which is 
either directly responsible for the disease or is involved 
early on in the pathogenesis of the disease, or if not 
involved is nevertheless generated directly or indirectly by 
10 the mechanism causing the disease. Such a protein or 
substance may be the "causative" agent to the disease or may 
be "associated with" the disease state in the sense of being 
diagnostic of the disease state. 



15 Recently, Sherrington et al. in Nature, 375 > pp 254- 

260, 1995, identified a gene on chromosome 14 bearing 
missense mutations which are associated with up to 70% of 
familial early onset AD cases. A missense mutation involves 
a nucleotide substitution, usually a single nucleotide 

20 substitution, which results in an amino acid substitution at 
the corresponding codon. The missense mutations disclosed 
in Sherrington et ai . are predicted to change the encoded 
amino acid at the following positions (numbering from the 
first putative initiation codon) Met to Leu at codon 14 6, 

25 His to Arg at codon 163, Ala to Glu at codon 246, Leu to Val 
at codon 286, Cys to Tyr at codon 410. It has been proposed 
that these mutations may be useful in identifying early 
onset AD. As stated earlier, the majority of AD cases are 
late onset (after 65 years of age; Table l) and it is 

30 therefore still a problem to identify the majority of 
individuals having AD, particularly late onset AD. 

Presently, there are a number of substances which are 
alleged to be useful in the treatment of AD. However, so 
35 far only limited success has been achieved with these 
substances. Methods for effectively treating and/or 
preventing AD are still required (see Alien and Burns, 
Journal of Psychopharmacology , 9, pp 43-56, 1995). 
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SUMMARY OF THE INVENTION 



The present invention is based on the observation that 
5 a gene containing a frameshift mutation and encoding a 
corresponding mutant protein may be correlated with the 
presence of a disease. 



According to the present invention there is provided 
a method for the diagnosis of a disease caused by or 
associated with at least one gene having one or more somatic 
mutations giving rise to a frameshift mutation comprising: 
i. providing a biological sample, such as a body fluid or 
tissue sample, from a patient; and ii. analyzing .the sample 
for the presence of a gene having a frameshift mutation or 
a mutant protein encoded thereby, wherein the presence of 
the mutated gene or mutant protein is indicative of the 
disease. 



2° The term "somatic mutation" refers to a mutation 

occurring in a somatic or non-germline cell, and does not 
pass through the germline and is therefore not inherited. 

A "mutant" protein is a polypeptide encoded by a mRNA 
25 at least a part of which is in a reading frame that is 
shifted relative to the initiation start codon from that of 
the native or wild-type reading frame, and thus will include 
any protein having an aberrant carboxy terminal portion 
which is 'encoded by the +1 or +2 reading frame of the wild 
30 type gene sequence. Thus, the mutant protein will include 
a hybrid wild-type/nonsense protein having an amino terminal 
amino acid sequence that is encoded by the wild type (O) 
reading frame and a carboxy terminal amino acid sequence 
that is encoded by the +l or +2 reading frame, and thus the 
3 5 nonsense portion of the mutant protein. The cross-over 
point between the wild type and nonsense amino acid 
sequences is the codon containing the frameshift mutation. 
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The invention is based on the discovery of the 
presence of such a mutant protein or an accumulation of more 
than one mutant protein in a tissue from a diseased 
individual, and also on identification of the mutant protein 
as indicative of the disease. 

The phrase "caused by or associated with" refers to 
a gene which is either fully or partly responsible for the 
disease, or a gene which is not responsible for the disease 
but is associated with the diseased state in the sense that 
it is diagnostic of the diseased state. 

A disease caused by or associated with at least one 
gene having one or more somatic mutations giving rise to a 
frameshift mutation can be any disease including non- 
hereditary cancers, neurodegenerative diseases such as 
Parkinson's Disease (PD) , Alzheimer's Disease (AD), Down's 
syndrome, frontal lobe dementia (Pick's Disease), 
progressive supranuclear palsy (PSP) , amyotrophic lateral 
sclerosis, Huntington's Disease, multiple sclerosis, and 
other degenerative diseases such as cardiovascular diseases 
and rheumatoid arthritis. Cancers treatable according to 
the invention include but are not limited to Hodgkin's 
disease, acute and chronic lymphocytic leukemias, multiple 
myeloma, breast, ovary, lung, and stomach or bladder 
cancers. 



A gene having a somatic mutation which leads to a 
frameshift mutation, and herein referred to as the "mutant 
gene", can be any gene having at least one mutation which 
leads to a frameshift mutation. 



A "frameshift mutation" refers to a deletion or 
insertion of one or more nucleotides within an open reading 
frame, for example, a single nucleotide or dinucleotide 
deletion or insertion, such that the reading frame of the 
coding region is shifted by one or two nucleotides. 
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Preferably, the frameshift mutation is a nucleotide or 
dinucleotide deletion leading to a + 1 or +2 frameshift 
mutation. However, any number of nucleotide deletions can 
occur provided a frameshift mutation results. 
5 Alternatively, the insertion of one or more nucleotides may 
give rise to a frameshift and such mutations also form part 
of the present invent ion - 

Other genetic modifications which give rise to a 
0 frameshift also form part of the present invention, such as 
a change in the nucleotide sequence which leads to 
translation initiation from a different position or a 
mutation outside a coding region, such as within an Intron 
or a 5' or 3 » untranslated region, which mutation may result 
in mis-translation and production of a mutant protein. In 
this type of gene mutation, the mutant protein would be 
completely nonsense sequences and would contain no wild- 
type sequences. 

It is preferred that the mutation is a nucleotide and 
more preferably a dinucleotide deletion or insertion 
associated with the nucleotide sequence GAGA of the gene; 
especially preferred frameshift mutations are associated 
with the nucleotide sequence GAGAX, where X is one of G, A, 
T or C; thus preferred motifs include GAGAG, GAGAC, GAGAA, 
and GAGAT. Preferably the dinucleotide deletion is an AG 
deletion. It is further preferred that the mutant gene has 
one or two dinucleotide deletions associated with a GAGA, 
GAGAG, GAGAC, GAGAA, or GAGAT leading to a + 1 or + 2 
frameshift mutation respectively. 

In a preferred embodiment of the invention, the 
somatic mutations occur in genes of the neuronal system, 
where the disease is a neurodegenerative disease. 

The "neuronal system" is defined as any cells, genes, 
proteins or substances relating to or forming part of the 
neuronal system such as nerve cells, glial cells, proteins 
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including Tau, ii amyloid precursor protein, ubiquitin, 
apolipoprotein E4 neurofilament proteins and microtubule 
associated protein II, and the genes encoding the proteins. 

* 5 Where the disease is a neurodegenerative disease, 

especially AD, the preferred mutant genes of the present 
invention are those encoding the B amyloid precursor 
protein, the Tau protein, ubiquitin, apolipoprotein-E^ (Apo- 
E^) , microtubule associated protein II (MAP 2) and the 

10 neurofilament proteins, having a deletion, insertion or 
other modification leading to a frameshift mutation. The 
most preferred mutant genes of the present invention are 
those encoding ubiquitin, MAP 2 and the neurofilament 
proteins, having a frameshift mutation. 

15 

It is preferred that the mutation is an AG dinucleotide 
deletion associated with a GAGA, or GAGAX leading to a 
frameshift mutation. It is further preferred that the 
mutant gene has one or two AG deletions each associated with 
20 a GAGA or similar motif, leading to a + l or + 2 frameshift 
mutation respectively. 

The term "mutant protein" as used herein is defined 
as the protein encoded by the mutant gene of the present 
25 invention. 



It is preferred that the methods of the present 
invention are for the diagnosis of a disease caused by or 
associated with at least one gene having one or more somatic 

3 0 mutations giving rise to a frameshift mutation. A preferred 
disease for diagnosis by the present invention is AD, except 
the early onset AD cases found to be linked to chromosome 14 
and 1. It is further preferred that the methods of the 
present invention are for the diagnosis of late onset AD, 

35 especially non-familial or "sporadic" late onset AD cases. 

As used herein, "biological sample" refers to a body 
fluid or body tissue which contains proteins and/or cells 
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from which nucleic acids and proteins can be isolated. 
Preferred sources include buccal swabs, blood, sperm, 
epithelial or other tissue, milk, urine, cerebrospinal 
fluid, sputum, fecal matter, lung aspirates, throat swabs, 
5 genital swabs and exudates, rectal swabs, and nasopharyngeal 
aspirates. 

The body fluid sample can be any body fluid which 
contains cells having the somatic mutation which gives rise 

10 to the frameshift mutation and causes the diseases. When 
the disease is a neurodegenerative disease it is preferred 
that the body fluid sample contains cells of the neuronal 
system or the products of such cells. When the disease is 
a neurodegenerative disease, the preferred body fluid is 

15 cerebral spinal fluid which can be obtained after a lumbar 
puncture (Lannfelt et al . , Nature Medicine, 1, pp 829-832, 
1995) . Another preferred body fluid is blood, as it is 
easily obtained and contains lymphocytes which can be 
analyzed for the presence of the mutant gene or encoded 

20 protein. 

The tissue sample can be any tissue and is preferably 
one that can be easily obtained, such as skin and nose 
epithelium. 

25 

Preferably, when analyzing the sample for a mutant 
gene, a nucleic acid probe is used. The nucleic acid probe 
is preferably a nucleotide probe having a sequence 
complementary to part of the mutant gene encompassing the 
30 mutation giving rise to the frameshift mutation. 

As would be apparent to one skilled in the art, the 
probe may be used to detect DNA or RNA in a fluid sample or 
in a tissue sample. 

35 

The present invention further provides a nucleic acid 
probe having a sequence complementary to part of the mutant 
gene encompassing- the mutation leading to the frameshift 
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the n,utant sequence. -stringent- conditions are defined 

:r^\rd%rrc^LTa:rr - - 

5ni ^ ^ hybridxzation buffer equivalent to 

50% formamide and 0 ix ssc r««o k..i ^ -^vaxeni: to 

t-i.»y4; 9, 6059-6063, 6060). "Strinoent- 

10 and 30 nucleotides long. For evamoio ei^ween 
15 5 10 ic; o„ example, the probe may be 

5' 10, 15, 20, 25, or 30 nucleotides in length. 



In a 



preferred embodinent the probe comprises a 

20 nuc c\l " ^--i-tide deletion or insertion, and 
nucleotide sequences corresponding to the nucleotide 
sequences flanWng the OACA or notif in the wild-typl qen! 

IT:!"' '"'"^"^ '° ^""'^ '"^ " ™A 

was beinq probed for, a probe comprising a sequence 

::t™r LTe ^-r--- - ~ - - 

incluH"\\^'^' °' detecting the presence of the mutant gene 

havxng a sequence complementary to the sequence either side 
^0 Of tHe mutation which gives rise to the frameshift mutat !n 
«e used to amplify the OHA. as described hereinbelow 

vary iTl "'T" """^ " '"""^ ''"^^ -^""■^ «n 

^= lOObp. SOObp. lOOObp. 1500bp. 3000bp, or 3000bp The 

n:::d"nr"cl'' '"'"^^ - ---^^^ ^ "-^-^ -^-^-^ues 
e, o' t! . 7- "'^ nucleotide 

reg.on to be ampUfied or by synthesizing the primers using 
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phosphoramidite method. 

The present invention further provides primers for use 
in the above defined PCR based methods for the amplification 
5 of the nucleotide region containing the mutation. 



Preferably, when analyzing the sample for the mutant 
protein of the present invention an immunological test is 
employed. The immunological test is preferably based on the 
10 use an antibody molecule having specificity for the mutant 
protein of the present invention and not the wild-typ 
protein. 

The present invention thus further provides an 
15 antibody molecule having specificity for the mutated protein 
of the present invention but not for the wild-type protein. 
Prefereably, the antibody is specific for the carboxy 
terminal end of the mutant protein. 



20 The present invention further provides a method for 

the diagnosis of a neurodegenerative disease comprising: i. 
providing a body fluid or tissue sample from a patient; and 
ii. analyzing the sample for the presence of a gene of the 
neuronal system having a frameshift mutation or a protein 

25 encoded thereby, wherein the presence of the mutated gene is 
indicative of a neurodegenerative disease. 

Preferably, the neurodegenerative disease is AD. 



30 The present invention also relates to methods for 

preventing and/or treating the diseases, vectors for 

preventing and/or treating the diseases and for the 

production of diagnostic reagents, compositions for 

preventing and/or treating the diseases, nucleic acid 

35 sequences, probes and antibody molecules for use in the 
present invention and transgenic animals. 
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Mt toJdl ^"«her provides a diagnostic 

^it for dxagnosxn, a disease caused by or associated with at 
least one ,e„e havin, one or .ore somatic -utationsXi , 
rise to a trameshift mutation comprising: i. a nucleic aci! 

:err:c:v„ - P^^t o. 

gene which encompasses the mutation which leads to the 
framesh.tt mutation and paCagin, materials therefor- and 
11. means for detecting the prohe hound to the mutant gene 

" kit foJdia"""" » diagnostic 

^east on. ' "'"'^^ °^ associated with at 

gives rise to the frameshift mutation naclcanin^ 

con? amplifying the DNA or RHA sequence 

contaxh.ng the mutation; and ii. means for detecting the 
" ampl.f.ed DHA or RHA sequence containing the mutation 

Hit tor™/ """"" ' -^iaanostic 

H.t tor diagnosing a disease caused by or associated with at 

25 rise " giving 

loHcuTe h i- " antibody 

pre«n 1 ^■'^'="-"y the mutant protein of the 

present invention and not the wild-type protein; and ii 
-ans for detecting the antibody molecule bound to the 
mutant protein. 



30 



The antibody molecule and the means for detecting the 
bound antibody molecule are as defined above. 

35 dia -^odiment of the present invention the 

diagnostic .it described above additionally comprising- i 
an antibody molecule having specificity for the wild-type 
protein; and ii. .eans for detecting the antibody molecule 
bound to the Wild-type protein, as a control for diagnosL; 
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a disease caused by or associated with at least one gene 
having one or more somatic mutations giving rise to a 
frameshift mutation. 

5 The present invention further provides a gene having 

one or more somatic mutations giving rise to a frameshift 
mutation which causes or is associated with a disease. 

The present invention further provides a mutated 
10 protein encoded by the mutated gene found to be indicative 
of a disease , the mutant gene having one or more somatic 
mutations giving rise to a frameshift mutation. Preferably, 
the mutant protein contains an antigenic epitope specific 
for the diseased state, examples of which are provided in 
15 Table 7. 



In a preferred embodiment of the present invention the 
mutated gene encodes a protein comprising at least part of 
the sequence designated +1 or +2 in any one of Figures 2 to 
20 9, or an immunologically equivalent fragment thereof. 

In a preferred embodiment the mutated protein 
comprises any one of the following individual sequences: 
RGRTSSKELA; HGRLAPARHAS ; YADLREDPDRQ ; RQDHHPGSGAQ; 
2 5 GAPRLPPAQAA; KTRFQRKGPS; PGNRSMGHE; EAEGGSRS; or VGAARDSRAA, 
(Seq. ID Nos: 1-9, respectively) especially when the disease 
is a neurodegenerative disease such as AD. 

In a preferred embodiment, the antibody molecule of 
30 the present invention has affinity for the mutant proteins 
defined above. 

The present invention also relates to a method for 
treating and/or preventing a disease caused by or associated 
35 with at least one gene having one or more somatic mutations 
giving rise to a frameshift mutation. The finding of 
mutations in genes which lead to the production of mutant 
proteins, and which are indicative of a disease, has led to 
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a number of ways of treating and/or preventing the disease. 

The present invention further provides a method for 
detecting errors in nucleic acid repair mechanisms 
5 comprising: i, providing a body fluid or tissue sample from 
a patient; and ii. analyzing the sample for the presence of 
a gene having a frameshift mutation or a protein encoded 
thereby, the presence of a mutation being indicative of an 
error in the nucleic acid repair mechanisms. 



The correction of the mutations found in the mutant 
genes of the present invention is therefore a valuable 
method for combatting diseases. 



treating a disease by administering to a patient an 
expression vector encoding one or more DNA repair enzymes. 

The present invention further provides the use of an 
20 expression vector encoding one or more repair enzymes in the 
manufacture of a composition for the treatment of a disease 
caused by or associated with at least one gene having one or 
more somatic mutations giving rise to a frameshift mutation. 

25 The present invention further provides a method of 

treatment and/or prevention of a disease caused by or 
associated with at least one gene having one or more somatic 
mutations giving rise to a frameshift mutation^ comprising 
administering an expression vector encoding one or more 

30 repair enzymes to a patient suffering from or likely to 
suffer from the disease. 

The present invention further provides an expression 
vector encoding one or more repair enzymes • 



The repair enzymes encoded by the vector can be any 
repair enzyme and/or an associated protein (see Kunkel, 
Current Biologyr 1995, Vol. 5, No. 10, p. 1091-1094 ) ; such 



10 



15 



The present invention further provides methods of 



35 
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as, for example, a G/T mismatch binding protein (GTBP or 
pl60) , which are capable of or contribute to the repair of 
a somatic mutation which leads to a frameshift mutation, 
such as a dinucleotide deletion. Preferred repair enzymes 
5 include Mut H, Mut S, Mut h, and Mut U, and the homologs 
thereof, including mammalian homologs. Such homologs 
include MSH 1-6, PMS 1-2, MLH 1 and GTBP. 

The invention also encompasses methods of combatting 
10 diseases caused by at least one gene having one or more 
somatic mutations giving rise to a frameshift mutation by 
targeting the mRNA transcript transcribed from the mutat d 
gene, and correcting the mutant mRNA using ribozymes. 

15 Accordingly, the present invention further provides 

methods of treating the disease by administering an 
expression vector encoding a ribozyme in therapy. 

The present invention further provides the use of an 
20 expression vector encoding a ribozyme in the manufacture of 
a composition for the treatment of a disease caused by at 
least one gene having one or more somatic mutations giving 
rise to a frameshift mutation. 

25 The present invention further provides a method of 

treatment and/or prevention of a disease caused by at least 
one gene having one or more somatic mutations giving rise to 
a frameshift mutation, comprising administering an 
expression vector encoding a ribozyme under the control of 

30 a promoter to a patient suffering from or likely to suffer 
from the disease. 

The present invention further provides an expression 
vector encoding a ribozyme under the control of a promoter. 

35 

The ribozyme encoded by the vector is preferably 
specific for RNA containing the mutations described above or 
for the RNA encoding a defective repair enzyme. For 
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example, if a defect in a repair enzyme has lead to the 
mutated gene, by correcting the transcribed message from the 
repair enzyme gene the function of the repair enzyme can be 
restored . 

A further method for combatting a disease caused by 
or associated with at least one gene having one or more 
somatic mutations giving rise to a frameshift mutation, is 
by gene therapy. 

A vector encoding a non-mutated version of the mutated 
gene under the control of a promoter and other selected 
transcriptional or translational control elements can be 
delivered to affected or susceptible cells leading to the 
production of the correct protein in the cell. By 
increasing the percentage of the correct protein produced in 
relation to the mutated protein the further progression of 
the disease will be reduced, prevented and possibly 
reversed. 

The present invention further provides methods of 
treating a disease by administering an expression vector 
encoding the wild-type version of the mutated gene. 

The present invention further provides the use of an 
expression vector encoding the wild-type version of the 
mutated gene in the manufacture of a composition for 
treating a disease caused by or associated with at least one 
gene having one or more somatic mutations giving rise to a 
frameshift mutation. 

The present invention further provides a method of 
treatment and/or prevention of a disease caused by or 
associated with at least one gene having one or more somatic 
mutations giving rise to a frameshift mutation, comprising 
administering an expression vector encoding the wild-type 
version of the mutated gene to a patient suffering from or 
likely to suffer from the disease. 
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The present invention further provides an expression 
vector encoding the wild-type version of the mutated gene. 

The present invention also provides a vector encoding 
a wild-type version of the defective repair enzyme which has 
lead to or contributed to the presence of the mutated gene 
which causes or is associated with a disease, under the 
control of a promoter. 

Preferably the wild-type repair enzyme is MSH 1-6, PMS 
1-2 or MLH 1, or an associated protein such as GTBP. 

The present invention further provides the use of more 
than one of the vectors of the present invention in any 
combination in therapy. 

The present invention further provides the use of more 
than one of the vectors of the present invention in any 
combination in the treatment and/or prevention of a disease 
caused by or associated with at least one gene having one or 
more somatic mutations giving rise to a frameshift mutation. 

The pharmaceutical compositions of the present 
invention in addition to the vectors as defined herein may 
additionally comprise a pharmaceutically acceptable 
excipient. 

The invention also encompasses host cell lines and 
transgenic animals wherein the somatic cells of the animal 
and the DNA of the host cell contains a transgene which is 
a mutant gene having one or more somatic mutations giving 
rise to a frameshift mutation. 

Preferably, the transgenic animals of the present 
invention are additionally defective in nucleic acid repair 
mechanisms. Thus, the mutated gene specifically expressed 
in this type of transgenic animal will not be repaired. 
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The present invention further provides an . 
having somatic cells containing at least one 
genes of the present invention °' """'^^^^ 

Preferably, the animal is a rnrf*.«^ 
a rat or mouse. Preferably 

As used herein, and -expression vector- 
10 -expressible gene- denotes a vector coni-.^ ^" 

sufficient to perait expression of ^^'J-'^nces 

- ceix. s.cn ™ se^jnce/:::,:: ru-n'^uT 

a promoter anH «„k, -Limited to 

P omocer, and enhancer, a locus control reoion « yiu 
bindina ci*-^^ , region, a ribosome 

oinamg site, a polyadenylation site anri =. 
termination site. ^ transcription 

The present invention further provides a m.^h h . 
identifying diseases caused by or t ! ^""^ 

^ °^ associated with at lo:...^ 

-«../™r.r.r».";™'.';'-r ivrvr • 

correlation between the presence of th. . ' 
the diseased state. """""" ^"'^ 

35 definer'h''"'''' ''^"'^ ^" -^-ule as 
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or VGAARDSRAA, especially when the disease is a 
neurodegenerative disease such as AD. 

Other features and advantages of the invention will 
5 be apparent from the following description of the preferred 
embodiments thereof, and from the claims. 



DESCRIPTION OF DRAWINGS 

10 

The invention is now illustrated in the appended 
example with reference to the following drawings: 

Figure 1 is a copy of a paraffin section of the 
15 frontal cortex of a female Alzheimer patient (70 years old, 
#83170, Table 2) immunocytochemically incubated with an 
antibody against a peptide predicted by the + 1 reading 
frame of BAPP (Tables 5 and 6) . Dystrophic neurites 
(arrowheads) and tangles (arrows) are clearly visible in the 
20 cortical layer III. 

Figure 2 presents the coding nucleotide sequence of 
the human amyloid A4 gene (SEQ ID No, 10), the amino acid 
sequence of the wild-type protein (SEQ ID No. 11), the 
mutant + i frameshift protein (SEQ ID No, 12) and the 

25 mutant + 2 frameshift protein (SEQ ID No. 13). 

Figure 3 presents the coding nucleotide sequence of 
the human microtubule-associated protein tau gene (SEQ ID 
No. 14), the amino acid sequence of the wild-type protein 
(SEQ ID No. 15), the mutant + 1 frameshift protein (SEQ ID 

30 No. 16) and the mutant + 2 frameshift protein (SEQ ID No. 
17). 

Figure 4 presents the coding nucleotide sequence of 
the human ubiquitin gene (SEQ ID No. 18), the amino acid 
sequence of the wild-type protein (SEQ ID No. 19), the 
35 mutant + i frameshift protein (SEQ ID No. 20) and the 
mutant + 2 frameshift protein (SEQ ID No. 21) . 

Figure 5 presents the coding nucleotide sequence of 
the human apolipoprotein E gene fSEQ ID No, 22), the amino 

SUBSTITUTE SHEET (RULE 26) 



10 



15 



20 



25 



30 



*°""»»' j„ PCT/IB«fl,l,06 

acid sequence of the wild-type protein (SEQ id No 23, th. 
-tent . 1 *ra.eshift protein ,SEQ ID Ho. T,] end 1 

concerning restriction enzyme sites is elso given 
' . ' P««nts the coding nucleotide seouence of 

the hu„,n »iorotubule-associ.ted protein 2 ,SEQ ID Ho L) 

the .utant . l fre^eshift protein (SEO id no. 2a, and 
the ^.utant * 2 frameshift protein (SEO ID No. 2„ 

the ' """"^ nucleotide sequence of 

the hu..n neurof ilenent subunit Hr-low ,SEQ ID No. 30, . the 

31,, the nutant * l fra»eshift protein ,SEQ id No 32, and 
the .utant . 2 fra.eshift protein ,SEQ ID No. 33, 

the hula'"" ' nucleotide sequence of 

the huMan neurofilament subunit NF-« ,SEQ ID No. 3., the 
amino acid sequence of the wild-f™ . ■ 
351 fh« » 1 "lid-type protein (SEQ ID No. 

35, , the mutant + l frameshift protein (SEQ ID No. 36, and 
the mutant ^ 2 frameshift protein (SEQ ID No. 37, 

th. „ ' "ucleotide sequence of 

human neurofilament subunit NF-H (SEQ id No. 38, the 
amino acid sequence of the wild-type protein ,SE« I^ No. 
39, . the mutant . l frameshift protein (SEQ ID No. 40, and 
the mutant + 2 frameshift protein (SEQ ID No. 4i, 

figure 10 presents the partial mHNA nucleotide 
sequence and amino acid sequence of three human neuronal 
proteins (6 amyloid precursor protein (exons , and 10, , Tau 
(exon 13, and Ubiquitin B (exon 2„ expressed in the 
wildtype and +1 reading frame. 



DESCRTPTTHM 



3 5 nonlim,t " illustrated by the following 

ncnlimiting examples wherein the following materials and 
-thods are employed. The entire disclosure of each of the 
erature references cited hereinafter are incorporated by 
reference herein. ^ 
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The present invention is based on the discovery that 
frameshift nutations occur in a single gene or number of 
genes whose product or products are mutant proteins that are 
5 associated with, and indicative of, a disease state. The 
invention is based on the recognition that the presence of 
a frameshift mutation results in a new coding sequence f r 
the cell containing the frameshift mutation, and thus a new 
polypeptide (herein termed a mutant protein) which may be 
10 correlated with and thus be indicative of a disease. 

According to the present invention, diagnosis and/or 
identification of a disease caused by or associated with at 
least one gene having one or more somatic mutations which 
15 give rise to a frameshift mutation is accomplished as 
described herein. 

According to the present invention, methods for 
preventing and/or treating the diseases, vectors for 

20 preventing and/or treating the diseases and for the 
production of diagnostic reagents, compositions f r 
preventing and/or treating the diseases, nucleic acid 
sequences, probes and antibody molecules for use in the 
present invention and transgenic animals are accomplished as 

25 described herein. 

Nucleotide deletions and other somatic mutations occur 
in genes due to a variety of reasons including errors in 
replication, as a result of recombination events, due to the 

3 0 presence of the mutagenic compounds, or as a result of a 
highly transcriptionally active state. Somatic mutations 
therefore regularly occur. In order to protect against such 
somatic mutations, mechanisms for correcting such mutations 
exist. The correction mechanisms involve a number of repair 

3 5 enzymes which detect and bind to the site of a mutation, and 
correct the mutation. 
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If the repair enzymes are defective or abseni- , 
Of problems can occur. For examnir ""''"^ 
Pigmentosun, a deficiency in i.h ' ^^^^^enna 

mutations leads to . ^-^xsion-repair of so»atic 

^ j.eaas to skin disorders in 4-k« 

«ce„tl,. has t.en shown that "e^ct^e r 

«n lead to predisposition for certain 1 . 

For exa»,ple. heredit..„ „ , ^Poradac cancers. 

(HNPCC see II rsr""" '=°'°""»1 

review. ' '° 'or a 
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25 



=rr;irrn^ - ^^^^ 

rouna in the mutant aene«= nf^ 
- ^-^e.ore a .ai„a.e .tho! IZ!--^^- 

least JnT'" =o.batti„, diseases caused by at 

/^rr-tiTnrrcir ::: — - - 

gene with ; , targeting the mutant 

.,..r.;; r^;:"r.- ::™:r:::::::; 

oen*» . transcribed from the mutated 

9ene, and correct.n, the .utant usin, ribozy^es. 



Methods and reaaents fr.>- 
t»at.„t are described'in Lfltau-Jeintr ^ 

Diagnosis of Diseases According to the Invention 

The invention relates tn m^^v.^^ 
diseases caused b. or associated w th tt l/^-— 
-vin. one or more somatic mutations which ^ JZ ITl 

^"^^ ^n-ud! but are o 

limited to cancers and neurodegenerative 

Parkinson's Disease fPD) ai k ^^"^'^^ diseases such as 

uxsease (PD) , Alzheimer's Diseac;*> /anN 
lobe dementia (Pick's Di<,« . ^^^sease (AD), frontal 

(Picks Disease), progressive supranuclear 
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palsy (PSP) , amyotrophic lateral sclerosis, Huntington's 
Disease, multiple sclerosis, Down's syndrome, and other 
degenerative diseases such as cardiovascular diseases and 
rheumatoid arthritis • 

5 

Somatic mutations can result in a different gene 
function and have been implicated in diseases associated 
with ageing, such as certain cancers. However, it has 
generally been assumed that non-proliferating cells do not 

10 undergo important changes at the genomic level. For 
example, it was assumed previously that genomic changes are 
mainly related to cell proliferation (Smith, Mutation 
Research, 277 . pp 139-142, 1992) which for non-proliferating 
cells such as most neurons ends during early postnatal life 

15 (Rakic, Science, 277, pp 1054-1056, 1985). However, Evans 
et al., 1994, Proc. Nat. Aca. Sci. 91:6059, observed that 
somatic mutations do occur in genes of the neuronal system, 
i.e., in post-mitotic neurons. The di/di Brattleboro rat, 
which suffers from severe diabetes insipidus due to the 

20 absence of the antidiuretic hormone vasopressin (VP) , was 
the subject of the Evans et al. paper. It had previously 
been established that the VP hormone was absent in the 
Brattleboro rat due to a deletion of a single G residue in 
the second exon of the VP gene, resulting in a mutant VP 

25 precursor with an altered C-terminal amino acid sequence. 
It had also been observed that a small number of neurons in 
the di/di rat exhibited a heterozygous +/di phenotype and 
expressed an apparently normal VP gene product. In studying 
the molecular biology of the di/di rat, Evans et al. 

30 identified sequence alterations that restored the reading 
frame of the mutant VP precursor mRNA, which were based on 
a two-nucleotide deletion in a GAGAG motif. They correlated 
the presence of small amounts of normal VP gene product in 
single magnocellular neurons with a reversion of the mutant 

35 gene stemming from a frameshift mutation. Evans et al. 
concluded that, because +1 frameshift mutations are present 
in VP transcripts of both wild-type rats and di/di rats, the 
events leading to these mutations are not caused by the 

SUBSTITUTE SHEET (RULE 26^ 




wo 97/12992 



PCT/IB96/0n06 



24 



diseased state of the di/di rat per se. Thus, Evans et al. 
did not correlate a mutational GAGAG hotspot with a disease 
state, or predeliction to a disease. 



et al., as to reversions at GAGAG hotspots in VP transcripts 
within single neurons of the di/di rat leading to wild-type 
VP gene products, is extended and developed. According to 
the present invention, a human disease which is caused by or 

10 associated with at least one gene having one or more somatic 
mutations occurring at a mutational hotspot and which give 
rise to a frameshift mutation is identified and/or 
diagnosed. The nucleotide sequence of a gene suspected of 
being involved in the pathogenesis of a disease is* provided, 

15 e.g., from published gene sequences or from cloning and 
sequencing of a suspect gene. The amino acid sequence 
encoded by the gene is then predicted, as are amino acid 
sequences of encoded mutant proteins. Mutant protein 
sequences are predicted in +1 and +2 reading frames 

20 following a hypothesized frameshift mutation. The location 
of the frameshift mutation may be hypothesized with respect 
to certain nucleotide sequence motifs which are suspected of 
causing frameshift mutations during transcription, examples 
of such motifs including but not limited to GAGA, for 

25 example, GAGAG, GAGAC, GAGAA, and GAGAT- 

A probe is then prepared that is specific for the 
mutant protein or an immunogenic fragment thereof (such 
probes being described hereinabove for detection of proteins 

30 or protein fragments) . Depending on where the mutation that 
leads to the frameshift occurs, part of the mutant protein 
will have the same sequence as the wild-type protein and 
part of the protein will have the sequence of the mutant 
protein. Furthermore, depending on where the mutation 

35 occurs the mutant protein will terminate when the nucleotide 
sequence codes for a stop codon (indicated as * in the 
Figures) . Thus, different mutant proteins will be produced 
depending on where the mutation occurs. 



5 



In the present invention, the observations of Evans 
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Alzheimer* s Disease is a representative disease 
diagnosable and treatable according to the invention. AD is 
a neurodegenerative disease characterised by idiopathic 
5 progressive dementia and is the fourth highest major cause 
of death in developed countries. It affects 5 to 11% of the 
population over the age of 65 and as much as 47% of the 
population over the age of 85. At present there are an 
estimated 4 million patients suffering from AD in the 
10 U.S.A. (see Coleman, Neurobiol. of Ageing, 15, Suppl, 2, pp 
I 577-578, 1994), and an estimated 20 million Alzhemier' s 

patients worldwide. 

The clinical criteria for AD diagnosis have been 
15 defined (see Reisberg et al., Am, J. Psych. 12, pp 1136- 
1139, 1982; McKhann et al . , Neurology, 3±, pp 939-944, 
1984). The early symptoms of AD vary but generally include 
depression, paranoia and anxiety. There is also a slow 
degeneration of intellectual function and memory. In 
20 particular, cognitive dysfunction and specific disturbances 
of speech (aphasia), motor activity (apraxia) , and 
recognition of perception (agnosia) can occur. 

There is not yet general consensus in a test for ant 
25 mortem diagnosis for AD due to the lack of knowledge of the 
pathogenic mechanisms involved in AD. Diagnosis of AD is 
made by examination of brain tissue. Such diagnosis is 
usually carried out on individuals post mortem* The 
diagnosis is based on the presence of a large number of 
30 intraneuronal neurofibrillary tangles and of neuritic 
plaques in the brain tissue, in particular in the neocortex 
and hippocampus. In order to identify the various types of 
plaques (e.g. neuritic plaques), neuropil threads and 
neurofibrillary tangles, staining and microscopic 
35 examination of several brain tissue sections is necessary. 
Neuritic plaques are believed to be composed of degenerating 
axons (e.g., neuropil threads), nerve terminals and possibly 
astrocytic and microglial elements. It is also often found 

SUBSTITUTE SHEET (RULE 25) 



35 



WO 97/12992 

26 PCT/IB96/01106 

5 There are two major tvoes r^r »n , 

Of the x«ter ,ro„p ..4, consists c" Le LnV.T 
linked to chrcoscme 21 „d 28» of L °' *° 

" to .e linked to chro.osl " a «s= " T ""^""'^ 
addition, a recent li.v ^^scsse^ below. m 

estaMisned TL^^Z. Z ^^^r J 
the .ost prominent ,roup ,eo%,. ' 

^ In the most coimon late onset 

<=«es are considered to be related t I '° 
particular the apoUpoproteln-T 'ne 

important risk factor T considered to be an 

non.fa„ilial or Cadi^. "v" 
' Burop. „e.rol., ^, 3-", [Z Z ^P/^ 

these cases relatively little is )rn« ^ * ""^ 

- was available whiL ..ttst^Vrrssrie^^r 

he«j:^r;nd^\r^;::::rrir;:a„r 

responsible for causing AD The , " 
Plaques, neuropil threads and,o. « "eurltic 

^ a consequence of a "!"""^'^"^"^ '"^1- »ay 

biochemical Change. ^-^a.ental cellular or 

Diagnostic methods of the invent-,- 
detection of nucleic . ^"^^"tion will include the 

ot nucleic acid sequences r,».«<r 
procedures which involve formation oT 
between two nucleic acid strands " e ' 
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1. Preparation and Detect! n of DNA for Genetic Screening. 

Typically, DNA is prepared from the biological sample 
by DNA extraction procedures well-known in the art (see, 
e.g., Sambrook et al., 1990, A Laboratory Manual for 
Cloning, Cold Spring Harbor Press, CSH, NY), and may be 
further purified if desired, e.g., by electro-elution, prior 
to analysis. 

Methods of detecting a mutated gene in DNA from a 
biological sample include, but are not limited to the 
following: (1) polymerase chain reaction (PCR) followed by 
sizing gel electrophoresis or hybridization with an allele- 
specific (or sequence-specific) probe; (2) hybridization of 
the eluted DNA with a nucleic acid probe that is 
complementary to the mutated gene; (3) allele-specif ic 
oligonucleotide (ASO) PCR followed by an amplification- 
detection system (e.g., gel electrophoresis and staining or 
HPLC) ; (4) the ARMS test, in which one primer has a 
complementary sequence encompassing the mutation which gives 
rise to the frameshift mutation, and amplification only 
occurs if the mutated sequence is present.; and (5) 
nucleotide sequencing. 

A DNA probe useful according to the invention is 
preferably sufficiently complementary to the mutant sequence 
of the gene so that under stringent conditions the probe 
only remains bound to the mutant sequence (see Evans et al., 
Proc. Natl. Acad. Sci. USA, 91:6059-6063, (1994). The probe 
is preferably labelled using any of the standard techniques 
known to those skilled in the art, such as radioactively 
using ^^P or any other standard isotopes, or using non- 
radioactive methods including biotin or DIG labelling. The 
labelled probe can then be easily detected by methods well 
known to those skilled in the art. 

An alternative method for detecting the presence of 
the mutant gene is via the polymerase chain reaction (PCR). 
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Primers having a sequence complementary to 

either side of the ™,f ■ ^"^ory to the sequence 

trameshift mutation are ur HT ^"^ ">< 

-A is hein, aetecTea a rers/ttrs"' 

■ = performed, as wouid he appa/ent to on/lm d"'" " 
containing the mutation. The mutatL °" '"^ 

fragment can then he detected usin' " " 
-ove using standard techni ues o. t se""" 
amplified fragment Th. / ^ sequencing the 

» "action is th?t the ac" l " 

starting material is required and tT\"" 
quantitative as veil ^ """'"Ss a""" 

-e. ouantitatil? d^e^rr; aTrt'^-^ 
copies Of a mutated gene or.^.n^ ■ °f 
estimated, and given ZTTj" ' ''""^"'"--Pie to 
diseased state Ln he estimateT" "^'"'^ « 

the^t::t":er r or " - — - 

" complementary sequence e„c ::as3l„: tr ' 
=^»=e to the frameshift m« ^ 7"'^°" ^^-^ 
therefore only occur if A"Pll£ication win 

«-o„ et ai.:.:r.cids l:""" ^= 

h« previously been used in det . ™° ""'">'^ 

» responsible for cystic fihro ' " 

could easily perf"! this test' 21 T ^"^ 
-tant gene of the present invention^" 

" - ^iT^qru:™ t? r--- - 

conditions for any one Pc^ i """""^^ 

particular sequence or for ' '"''""a = 

Pro ^ . ' any one multiplex pen i 

PCR targeting a particular set „f . ' ^ 

"in be Known to a person o, . ^^''"-ces. may vary but . 

person of ordinary skill in the art. 

Amplification of a mutated or wlld-tv„o . • 
sequence can be accomplished directly frl 

prepared DNA as follow. ' °" ''"^"^'^ =' the 
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25 Ml of DNA is aliquotted into a reaction tube 
containing 25 m1 HjO, 50 ^1 master mix (see below), 0.5 ^1 
Amplitaq (Perkin Elmer Cetus, Norwalk, CT) and 0.5 /il UNG 
5 (Perkin Elmer Cetus, Norwalk, CT) . A 50 ^1 master mix 
comprises 20 mM Tris HCl, pH 8.3, 100 mM KCl, 5 mM MgCl^, 
0.02 /imoles each of dATP, dGTP, dCTP, 0.04 /umoles of dUTP, 
20 pmoles of each primer (Perkin Elmer Cetus, Norwalk, CT) , 
and 25 Mg gelatin. 



A fragment characteristic of the selected 
amplification sequence can then be visualized under 
ultraviolet light after ethidium bromide staining a 13% 
polyacrylamide gel in which an aliquot of the amplification 
15 has been electrophoresed. Alternatively, hybridization with 
allele-specif ic probes can identify the presence of 
amplified product from either the normal and/or mutant 
alleles. 



10 



20 



SUBSTITUTE SHEET fRULE 251 




wo 97/12992 

3Q PCT/IB96/0n06 

Pr.p.r.ti n .„d D.t.etioB of Profit , 

Where the biological molecule to h. . , 
= protein, it ^ t,e 7 " ° 

from biological sample cells nrior ? " 
remove nucleic acia'from t samp e eruate oV""""' " '° 
»nal.sis. Thus, the sample or equate ma^ f^^ ^ t'T" 

p..3i:ai.cheiri ^^s:ro:!":uc:^":": 
rrrsi::-.?^-"- ---- -"rifarr 

snocx, heat, enzymatic Ivsis nve«,, 
K, pepsin, etc ) n. dysozyme, proteinase 

" ~tio.i m«u\rro:;rr:;t^" - 

- P~Vo:rertf"rc; rr„:r : -"-^ 

disease, the profit ! "'^i^tive of a genetic 

" aetecti;n assa^ e Tsi conventional 

a. an antibod/p-'-' ;;"ter:"" T'^ 

correlates with i.ho « genetic disease 

seguence f : „:Ts""t::r """" " - 

-ing conventional means ; g^""" ^ 

« -P-i«c for the native or mutl:' ""^^ " 

lauxve or mutant sequence fsee taKt^ -7 * 

examples of amino acid sequence! presLnt fn 
proteins) . present m mutant 

^0 the preTe„°t tve^t"""'' "'''"'^ " =^ 

present invention may comprise whol^ ^. 

antibod. fragments, pol.f unctiona^ antib: "gg I 

MndTnTsuerfrrr:""". - - 

••■ng sices from an antibody. The arn-iK«^,. * 
be fragments such as Fv Fab and pV. "^ fragments may 

35 derivatives thereof such as ^ ^ '"'"^"'^ °^ ^"^ 

- antibodies or' a^ib^d L^^:; 
recombinant, recombinant or humanized The antibod 

Of any immunoglobulin isotype e g i^g ' ' 

/Pe, e.g., jgc, ig^^ forth. 
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In addition, aggregates, polymers, derivatives and 
conjugates of immunoglobulins or their fragments can be used 
where appropriate. 

5 The immunoglobulin source for an antibody reagent can 

be obtained in any manner such as by preparation of a 
conventional polyclonal antiserum or by preparation of a 
monoclonal or a chimeric antibody. Antiserum can be 
obtained by well-established techniques involving 
10 immunization of an animal, such as a mouse, rabbit, guinea 
pig or goat, with an appropriate immunogen. 
Preparation of Antibodies 

1. Polyclonal antibodies. 

15 

The peptide or polypeptide may be conjugated to a 
conventional carrier in order to increases its 
immunogenicity , and antisera to the peptide-carrier 
conjugate is raised in rabbits. Coupling of a peptide to a 

20 carrier protein and immunizations are performed as described 
(Dymecki, S.M., et al., J. Biol. Chem 267:4815-4823, 1992). 
Rabbit antibodies against this peptide are raised and the 
sera titered against peptide antigen by ELISA or 
alternatively by dot or spot blotting (Boersma and Van 

25 Leeuwen, 1994, Jour. Neurosci. Methods 51:317. At the same 
time, the antisera may be used in tissue sections. The sera 
is shown to react strongly with the appropriate peptides by 
ELISA, following the procedures of Green et al.. Cell, 28, 
477-487 (1982) . The sera exhibiting the highest titer is 

30 used in subsequent experiments. 

2. Monoclonal antibodies. 

Techniques for preparing monoclonal antibodies are 
35 well known, and monoclonal antibodies of this invention may 
be prepared using a synthetic peptide, preferably bound to 
a carrier, as described by Arnheiter et al., Nature, 294, 
278-280 (1981) . 
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Monoclonal antibodies are typically obtained from 
hybridoma tissue cultures or from ascites fluid obtained 
from animals into which the hybridoma tissue was introduced, 
Nevertheless^ monoclonal antibodies may be described as 
being "raised to" or "induced by" the synthetic peptides or 
their conjugates. 

Particularly preferred immunological tests rely on the 
use of either monoclonal or polyclonal antibodies and 
include enzyme linked immunoassays (ELISA) , immunoblotting, 
immunoprecipitation and radioimmunoassays. See Voller, A., 
Diagnostic Horizons 2:1-7, 1978, Microbiological Associates 
Quarterly Publication, Walkersville, MD; Voller, A. et al., 
J. Clin- Pathol. 31:507-520 (1978); U.S. Reissue Pat. No. 
31,006; UK Patent 2,019,408; Butler, J.E., Meth. Enzymol. 
73:482-523 (1981); Maggio, E. (ed.), Enzyme Immunoassay, CRC 
Press, Boca Raton, FL, 1980) or radioimmunoassays (RIA) 
(Weintraub, B., Principles of radioimmunoassays . Seventh 
Training Course on Radioligand Assay Techniques, The 
Endocrine Society, March 1986, pp. 1-5, 46-49 and 68-78). 
For analyzing tissues for the presence of the mutant protein 
of the present invention, immunohistochemistry techniques 
are preferably used. It will be apparent to one skilled in 
the art that the antibody molecule will have to labelled to 
facilitate easy detection of mutant protein. Techniques for 
labelling antibody molecules are well known to those skilled 
in the art (see Harlour and Lane, Antibodies, Cold Spring 
Harbour Laboratory, pp 1-726, 1989). 

Alternatively, sandwich hybridization techniques may 
be used, e.g., an antibody specific for a given protein. In 
addition, an antibody specific for a haptenic group 
conjugated to the binding protein can be used. Another 
sandwich detection system useful for detection is the avidin 
or streptavidin system, where a protein specific for the 
detectable protein has been modified by addition of biotin. 
In yet another embodiment, the antibody may be replaced with 
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a non- immunoglobulin protein which has the property of 
binding to an immunoglobulin molecule, for example 
Staphylococcal protein A or Streptococcal protein G, which 
are well-known in the art. The protein may either itself be 
5 detectable labeled or may be detected indirectly by a 
detectable labeled secondary binding protein, for example, 
a second antibody specific for the first antibody. Thus, 
if a rabbit-anti-hybrid wild-type/nonsense protein antibody 
serves as the first binding protein, a labeled goat-ant i- 
10 rabbit immunoglobulin antibody would be a second binding 
protein. 

In another embodiment, the signal generated by the 
presence of the hybrid wild-type/nonsense protein is 
15 amplified by reaction with a specific antibody for that 
fusion protein (e.g., an anti-li-galactosidase antibody) 
which is detectably labeled. One of ordinary skill in the 
art can devise without undue experimentation a number of 
such possible first and second binding protein systems using 

2 0 conventional methods well-known in the art. 

Alternatively, other technigues can be used to detect 
the mutant proteins, including chromatographic methods such 
as SDS PAGE, isoelectric focusing, Western blotting, HPLC 
25 and capillary electrophoresis. 

Identification of Diseases According to the Invention 

The invention provides methods for identifying 

3 0 diseases caused by or associated with at least one gene 

having one or more somatic mutations which give rise to a 
frameshift mutation. 

Diseases are identified according to the invention as 
35 follows. The nucleotide sequence of a gene suspected of 
being involved in the pathogenesis of a disease is provided, 
e.g., from published gene sequences or from cloning and 
sequencing of a suspect gene. The amino acid sequence 
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encoded by the gene is then predicted, as are amino acid 



sequences are predicted in +1 and +2 reading frames 
following a hypothesized frameshift mutation. The location 
5 of the frameshift mutation may be hypothesized with respect 
to certain nucleotide sequence motifs, examples of such 
motifs including but not limited to GAGA, for example, 
GAGAG, GAGAC, GAGAA, and GAGAT. 

10 A probe is then prepared that is specific for the 

mutant protein or an immunogenic fragment thereof (such 
probes being described hereinabove for detection of proteins 
or protein fragments) . Depending on where the mutation that 
leads to the frameshift occurs, part of the mutant protein 

15 will have the same sequence as the wild-type protein and 
part of the protein will have the sequence of the mutant 
protein. Furthermore, depending on where the mutation 
occurs the mutant protein will terminate when the nucleotide 
sequence codes for a stop codon (indicated as * in the 

20 Figures). Thus, different mutant proteins will be produced 
depending on where the mutation occurs. 

The simplest method of probing for the presence of a 
particular mutant protein is to make an antibody to that 

25 protein or an immunogenic portion thereof. An immunogenic 
fragment may be synthesized corresponding to the c-terminus 
of the predicted mutant proteins because even if the 
mutation occurred at another position in the sequence the 
probability that the derived mutant protein contains the 

30 peptide sequence is increased. Furthermore, the C-terminal 
region of a protein is more likely to form an epitope than 
other regions of the protein. 



35 patient having the disease and a biological sample from a 
patient not havi.-ig the disease is probed for the presence or 
absence of the :nutant prorein, also as described above. 
Alternatively, .;sveral probes may be prepared and the 



sequences of encoded mutant proteins. 



Mutant protein 



Once a probe is made, a biological sample from a 
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combination of probes used to probe the tissue sample. The 
presence of the mutant protein in a biological sample from 
a patient having the disease and the absence of said mutant 
protein in a biological sample from a patient not having the 
5 disease indicates that the mutant protein is a marker for 
the disease or susceptibility to the disease. 

Treatment of Diseases According to the Invention 

10 The invention also relates to methods for preventing 

and/or treating diseases, vectors for preventing and/or 
treating the diseases, and compositions such as nucleic acid 
sequences and proteins for preventing and/or treating the 
diseases, which methods and compositions are useful in gene 

15 and protein therapies. 

The invention includes methods of treatment and/or 
prevention of a disease caused by or associated with a gene 
having a somatic mutation giving rise to a frameshift 

20 mutation in which a vector comprising an expressible gene 
encoding a repair enzyme or a ribozyme is administered to a 
patient suffering from or susceptible to the 
disease. Preferred diseases which are treated according 
to the invention include but are not limited to cancer or a 

25 neurodegenerative disease, especially AD, the preferred 
mutant genes of the present invention are those encoding the 
B amyloid precursor protein, the Tau protein, ubiquitin, 
apolipoprotein-E^ (Apo-EJ , microtubule associated protein 
II (MAP 2) and the neurofilament proteins, having a 

30 deletion, insertion or other modification leading to a 
frameshift mutation. 

Examples of genes encoding such repair enzymes include 
but are not limited to genes encoding MSH 1-6, PMS 1-2, MLH 
3 5 1 or GTBP. 



The 



prevention 



invention includes methods of treatment and/or 
of a disease in which a vector comprising an 
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expressible gene encoding the wild-type version of the 
»utated gene is administered to a patient suffering fro. or 
susceptxMe to the disease. Examples of genes encoding a 

l^lllT. °' ' ^"^^"^^ not 



A vector comprising an expressible gene encoding a 
repaxr enzyme (that is, the wild-type version of a defective 
repaxr en2yme which has lead to or contributed to the 
presence Of the mutated gene which causes or is associated 
wxth a disease) , a ribozyme, or a wild-type version of a 
mutated gene are characterized as described below. 

15 The vectors of the present invention are preferably 

nuclexc acid vectors comprising RNA or DNA. The vectors may 
be Of ixnear or circular configuration and may be adapted 
for epxsomal or integrated existence in the host cell, as 

20 T.r! ^""^ -^tensive body of literature known to those 
skxlled xn the art. The vectors may be delivered to cells 
usxng viral or non-viral delivery systems. The choice of 
delxvery system will depend on whether the nucleic acid 
sequence to be delivered is to be incorporated into the cell 
genome or is to remain episomal. 

25 

Vectors of the present invention additionally may 
comprxse further control sequences such as enhancers or 
locus control regions (LCRs, , in order to lead to more 
controlled expression of the encoded gene or genes. LCRs 
are described in EP-A-0332667. The inclusion of a locus 
control region (LCR) , is particularly preferred as it 
ensures the DNA is inserted in an open state at the site of 
integration, thereby allowing expression of the gene or 
genes contained in the vector. The vectors of the present 
xnventxon have wide range of applications in e. vivo and in 
VIVO gene therapy. 
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The invention also includes treatment of a disease by 
administration of a pharmaceutical composition comprising 
the wild-type analog of a mutant protein in admixture with 
a pharmaceutically acceptable carrier. 

5 

A pharmaceutical composition according to the 
invention will include a therapeutically effective amount f 
the wild-type analog of the mutant protein, a repair enzyme, 
or a ribozyme, in admixture with a carrier. A 

10 therapeutically effective amount is considered that amount 
which, when administered to a patient, provides a 
therapeutic benefit to the patient. Such amounts will 
generally be in the range of lOug-loOmg of therapeutic 
protein/kg body weight of the patient, preferably 5Qug- 

15 lOmg, and most preferably lOOug-lmg. 



Animal Models for Disease Diagnosis and Treatment According 
2 0 to the Invention 

The invention also includes cell lines and transgenic 
animals for use as disease models for testing or treatment. 

A cell line or transgenic animal according to the 
invention will contain a recombinant gene, also known herein 
as a transgene, having one or more somatic mutations giving 
rise to a frameshift mutation which causes or is associated 
with a disease. 

30 

The recombinant gene will encode a mutated protein 
found to be indicative of a disease. Preferably, the mutant 
protein will contain an antigenic epitope specific for the 
diseased state. The recombinant gene may encode a protein 
i5 comprising at least part of the sequence designated +1 or +2 
in any one of Figures 2 to 9, or an immunologically 
equivalent fragment thereof. 
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A cell line containing a transgene encoding a mutant 
protein, as described herein, is made by introducing the 
transgene into a selected cell line according to any one of 
several procedures known in the art for introducing a 
5 foreign gene into a cell. 

A transgenic animal containing such a transgene 
includes a rodent, such as a rat or mouse, or other mammals, 
such as a goat, a cow, etc. and may be made according to 
10 procedures well-known in the art. 

Transgenic animals are useful according to the 
invention as disease models for the purposes of research 
into diseases caused by or associated with at least one gene 
15 having one or more somatic mutations giving rise to a 
frameshift mutation, and therapies therefore. By 
specifically expressing one or more mutant genes, as defined 
above, the effect of such mutations on the development of 
the disease can be studied. Furthermore, therapies 
including gene therapy and various drugs can be tested on 
the transgenic animals. 



Transgenic animals of the present invention may be 
_ additionally defective in nucleic acid repair mechanisms. 
^5 Thus, the mutated gene specifically expressed in the 
transgenic animal will not be repaired. 



SUBSTITUTE SHEET (RULE 25) 



wo 97/12992 



39 



PCT/IB96/01106 



Described below is an embodiment of the invention 
involving identification of somatic frameshift mutations in 
5 genes encoding proteins which are present in neuronal 
tissue, and how such mutations are useful in diagnosis of 
certain disease states. 

The DNA sequences coding for the human amyloid A4 
10 protein, Tau, ubiquitin, apolipoprotein E4 , MAP 2 and the 
neurofilament subunits low, medium and high, were obtained 
from various gene sequence databases. 

Using the sequence data, the various GAGA motifs in 
15 the sequences were identified, and deletions were 
hypothesized and the sequences of the derived mutant 
proteins predicted, as shown in Figures 2 to 9. Both the 
sequences of the +1 and +2 frameshift mutant proteins were 
predicted. 

20 

By examining the sequences of the hypothesized mutant 
proteins, a peptide corresponding to the C-terminus of the 
hypothesized mutant proteins was synthesized. The peptides 
were synthesized using standard techniques known to those 
25 skilled in the art. The peptides having the following 
sequences were synthesized: RGRTSSKELA; HGRLAPARHAS ; 
YADLREDPDRQ; RQDHHPGSGAQ; GAPRLPPAQAA; KTRFQRKGPS; 
PGNRSMGHE; EAEGGSRS; and VGAARDSRAA. 

30 Depending on where the mutation that leads to the 

frameshift occurs, part of the mutant protein will have the 
same sequence as the wild-type protein and part of the 
protein will have the sequence of the mutant protein. 
Furthermore, depending on where the mutation occurs the 

35 mutant protein will terminate when the nucleotide sequence 
codes for a stop codon (indicated as * in the Figures). 
Thus different mutant proteins will be produced depending on 
where the mutation occurs. 
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It is predicted that nutations wm 
»otifs and the sequences of th/ ! 

accordingly. proteins predicted 

5 

tne predicted mutant oroi-oir..- w 
the mutation occu„e. at anotH„ pi" :: .^t::' " 
the prcbability that the derived ,.uta« „ . 
10 peptide sequence Is in=™> T P^tein contains the 

region of a protein isT t'.""""™""' '"^ =-t="inus 

Protein IS more likiaiv^ * 

other regions of the protein ^^'""^^ 

15 confirJed\ra'::::" °' synthesi.ed peptides was 

"ea by a gene sequence database search. 

Each synthesized peptide was i-hor, • • 
rabbit and an antib^H.. v, ^n^ected into a 

purified. The tec ^Lrertol?"^ 
- standard techniques .Ln tonhrsr^nrin^-trr 

The antibodies obtained we^o ^.k 
."eriai of frontai cortex. tetpTra, ToT. a^^r °" ^"""^^ 
heuropathoiogicaliy confirmed ad cases a^d '^"""""^ " 
" cases. The presence of the antTbod? °' 

standard detection methods .nown t th" "T'"^' 

art. " ^° skilled in the 

Figure l shows the presencp « 
30 »utant protein in the frontal cTrte. oTan llT" 

identified using an antibody against a oent h """" 
the .i reading fra.e of B a J p/J^o: pr^ 
antibody used had affinitv f P"^""^^"'- Protein. The 

(oUcwing sequence RGRTSSKElI. ' 



The results of other immunoreactive tests .... . 
using the antibodies against th. . Performed 

Shown in Table 2 and 3 TabLT . ' "^'''''^^ 

3- Tables 2 and 3 al.o Indicates the 
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neuropathological state (presence of plaques/tangles) of the 
various tissue samples. 

It can be seen that the presence of the mutant protein 
5 can be detected and correlates with the subject having AD- 
The presence of one or more of the mutant proteins can 
therefore be seen to be indicative of AD. 

Table 4 summaries the immunoreactivity results within 
10 the frontal cortex (area 11), temporal cortex (area 38) and 
the hippocampus. 

Other diseases also may be correlated with the 
presence of mutant proteins, as defined herein. For 

15 example, six patients with Down's syndrome were tested 
according to the invention. Down's syndrome is trisomy of 
chromosome 21 which leads to over-expression of 6-amyloid 
precursor protein. We noted that the frontal and temporal 
cerebral cortex and hippocampus of these patients contained 

20 plaques and neurofibrillary tangles, and hypothesized that 
such over-expression may promote accumulation of somatic 
mutations in neurons, by frameshift mutations at a GAGAG 
motif in the over-expressed 6-amyloid gene. After 
immunocytochemical staining of tissue from frontal and 

25 temporal cerebral cortex from the Down* s patients with the 
above-described antibody specific for the amyloid +1 carboxy 
terminal peptide, immunoreactivity was observed in the 
neurofibrillary tangles in 4 of 6 patients. Staining was 
absent in the frontal cortex of the matched controls. 

30 Therefore, the mutant amyloid protein is correlated not only 
with Alzheimer's disease, but also with other diseases, such 
as Down*s, involving Alzheimer's neuropathology. 

It has been found that a number of the mutations occur 
3 5 at GAGA motifs. Table 5 shows the presence of GAGA motifs 
in various genes of the neuronal system. The motif or, as 
can be seen from the sequences of Tau and apolipoprotein E4 , 
similar motifs such as GAGAG GAGAC, GAGAA, and GAGAT may be 
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associated with the fraa,eshift mutations that le«H ^ 
associated with the disease The nr! 

similar motifs in ot-n Presence of the motif or 

motifs an other genes may indicate th;,i- v*, 
relevant to a disease • , ^""^^ ^^''^ ^^^V 

-5 mutations occur that ° 

still le^r to ? associated with such motifs but 

lead to frameshift mutations that cause 
associated with a disease. ^" 

10 particu'ltr^enesTth''^ °' ^"^^^ ^" 

and nn- . neuronal system, namely fiAPP Tau 

and Ubxguxtxn. This table also indicates, inter ai^a th" 
chromosomal location of the genes and i-h T 
of 1 genes and the molecular weiaht 

Selection »^ j^ntiq nnic P^p ^,-^^ 

a nor^'"'"""''''' polypeptides corresponding in sequence to 
cheTr ,T °' ' peptides are 

.™?f ^^'^^'^ °^ ^" ^^^"^"^^^ - reLLi'rntly 
generated fragments of a nroteirn ^ 

w 3 i a protein), as described herein win 

2 0-51 =. • . t^esiaues, and an optimum length of 

^0 21 ,„.„o acxds. The hydrophilicity and anti,.„ic l„de\ 

t-iotein may be determined by Analvn,.=.i o- ^ 
synth.t.c p.ptide. useful a==ordi„, to tHe invention incLde 
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a stretch of 12-20 amino acids preferably within the carboxy 
terminal 100-150 amino acids of the hybrid wild- 
type/nonsense protein. 

The amino acid sequence of a selected peptide is 
searched in a computer database of sequences (e.g., GenBank) 
to preclude the possibility that at reasonable 
concentrations, antisera to any one peptide would 
specifically interact with any protein of a known sequence. 
Preferred sequences are those which are determined not to 
have a close horaolog (i.e., "close" meaning 80-100% 
identity) . 



15 

Example 3 

Detection of "Mutant" Protein 

2 0 Another embodiment of this invention relates to an 

assay for the presence of the -mutant" or mutant protein in 
a given tissue as indicative of a disease state. Here, an 
above-described antibody is prepared. The antibody or 
idiotype-containing polyamide portion thereof is then 

2 5 admixed with candidate tissue and an indicating group. The 
presence of the naturally occurring amino acid sequence is 
ascertained by the formation of an immune reaction, as 
signaled by the indicating group. Candidate tissues include 
any tissue or cell line or bodily fluid to be tested for the 

30 presence of the mutant protein, as described hereinabove. 

Expression of a given hybrid wild-type/ nonsense 
protein may be investigated using antiserum prepared in 
rabbits against a peptide corresponding to a carboxy 
35 terminal stretch of amino acids in the hybrid wild- 
type/nonsense protein as follows. 

CMK cells or U3T3 cells are metabolically labeled with 
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present i„ L eeUs" profin is 

nucleus or . w ^a-tized to the membrane, 

«o or cytoplasm by Western ki^*- , 

nuc... „.^„„e ana Jopl^r frlZiZ " 

aescribea in lowbin et al.. Hstl ''""""^ 

4350-4354 (1979) Th<= , , 

Plasma membrane. associated mainly with the 

Metabolic labeling Inmunoprecipitation 
in»unolocali3ation assays are perfor,.J ' 
15 previously (Purth h E ,f , ^= described 

-e^ii, J.. Hatre"-;.. - 5; rTrd:: ' 

^BO,. .:3341-3351, 19,7; Konop. . ' B et al m", 
Biol^ 3 = 311.-31.3. 19S5,. J ^i:.^^ ^^^ ^ 

—trattn^r^e. 

(Bio-«ad, „itb bovine seru„ alblin as tTe 

p-tein i,.„. eppro.::,:::/:'""" : 

» specific antipeptide antib^Us rei:w,'""" 

Mndin, , tbe specific antibodies' may rettected"::!: 
«nti-igG second antibodies conjucated h 
peroxidase and subsequent cheMilumin. """eradish 
Western hlr,^*- =heailuminescence development ECL 

western blotting system (Amersham International) 

Idil ' ."■""^"""^ ^ °f Dulbecco.s modified Eagles 
"edium minus methionine (Amersham Corp.) for 1,1 
lanunoprecipitation of protein from labeled cells "t^ 
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antipeptide antiserum is performed as described (Dymecki, 
S.M., etal., J. Biol. Chem 267 : 4815-4823 , 1992). Portions 
of lysates containing 10^ cpm of acid-insoluble S- 
methionine were incubated with 1 Mg of the antiserum in 0.5 
5 ml of reaction mixture. immunoprecipitation samples were 
analyzed by SDS-polylarcylamide gel electrophoresis and 
autoradiography . 

For immunolocalization studies, 10^ CMK cells are 
10 resuspended in 1 ml of sonication buffer (60mM Tris-HCl, pH 
7.5, 6 mM EDTA, 15 mM EGTA, 0,75M sucrose, 0.03% leupeptin 
12mM phenylmethylsulfonyl fluoride, 30 mM 2- 
mercaptoethanol) . Cells are sonicated 6 times for 10 
seconds each and centrifuged at 25,000 xg for 10 min at 4*»C. 
15 The pellet is dissolved in 1 ml of sonication buffer and 
centrifuged at 25,000 x g for 10 min at 4*C. 

The pellet (nucleus fraction) is resuspended in 1 ml 
of sonication buffer and added to an equal volume of 2 x SDS 

20 sample buffer. The supernatant obtained above (after the 
first sonication) is again centrifuged at 100,000 x g for 40 
min at 4*»C. The supernatant (cytosolic fraction) is removed 
and added to an equal volume of 2 x concentrated SDS sample 
buffer. The remaining pellet (membrane fraction) is washed 

25 and dissolved in sonication buffer and SDS sample buffer as 
described above- Protein samples are analyzed by 

electrophoresis on 10% polyacrylamide gels, according to the 
Laemmli method (Konopka, J.B., et al., Mol. Cell. Biol. 
5:3116-3123, 1985). The proteins are transferred from the 

30 gels on a 0.4 5-Mm polyvinylidine difluoride membrane for 
subsequent imrounoblot analysis. Primary binding of 
antibodies is detected using anti-IgG second antibodies 
conjugated to horseradish peroxidase. 

35 For immunohistochemical localization of a given 

protein, if desired, CMK cells or U3T3 are grown on cover 
slips to approximately 50% confluence and are washed with 
PBS (pH 7.4) after removing the medium. The cells are 
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prefixed for i min at 37or i« la- ^ 

0.075% Triton T" „ Par.fon.ald.hyde containing 

cells 1 n r"™"'*"^'" "'P. 

= "::u;r/enu: ~ „ri .^^^ - - 

:::: t-^rin^rir • r-^"-- --nrLr:: 
«us „e t.en"i„rLr oTrn/^.v^:;"':: ™^ 

n-inn H^i,,^- ^ ^^^^ antiserum 

the ciil^ incubation with the primary antibody, 

the cells are washed in PBS containing 3% bovine and seru™ 
» bu.in and o.l* Tween .0 and incubatld for 1 h at 3, c L 
fluorescein-conjugated donKey anti-rabbit iL ,IJ 
i™e.earch. Maine, diluted l=i„o in bloct; s^ ^ 

The coverslips are washed in pbs (pH 8 0) and 
, ycercl is added to each coverslip before .ountin": 

we e eVa:!;;;' th '^^^ 
were examined with a Zeiss Axiophot mcroscope. 
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Biological Sample Analysis 

' 5 The above methods for detection of a given mutant 

protein or nucleic acid are applicable to analyses involving 
tissues, cell lines and bodily fluids suspected of 
containing the marker protein • 

10 For example, a sample of CNS tissue suspected of being 

in a diseased state may be analyzed, it having been 
previously observed according to the invention that tissue 
of that particular diseased state contains detectable levels 
of hybrid wild-type/nonsense proteins relative to healthy 

15 tissue. 

An aliquot of the suspect sample and a healthy control 
sample are provided and admixed with an effective amount of 
an antibody specific for the hybrid wild-type/nonsense 

20 protein, as herein described, and an indicating group. The 
admixture is typically incubated, as is known, for a time 
sufficient to permit an immune reaction to occur. The 
incubated admixture is then assayed for the presence of an 
immune reaction as indicated by the indicating group. The 

25 relative levels of the hybrid wild-type/nonsense protein in 
the suspect sample and the control sample are then compared, 
allowing for diagnosis of a diseased or healthy state in the 
suspect sample. 

30 The above types of analyzing for the presence of the 

hybrid wild-type/nonsense protein may, of course, be 
performed using analysis for the coding mRNA, e.g., via 
Northern blot or RNA dot blot analysis, both of which are 
conventional and known in the art. 

35 
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Disease Treatment According t o the Invention 

Once a gene containing a frameshift mutation (i.e., 
a f rameshif ted gene) , or a mutant protein is correlated with 
5 a disease state, the disease is treatable according to the 
invention as follows: by administering to a patient in need 
thereof a wild-type version of a mutant gene or the 
corresponding wild-type transcript; by administering the 
wild-type version of the hybrid wild-type/ nonsense protein; 

10 by administering enzymes, or sequences encoding such 
enzymes, having activity that operates to correct nucleotide 
insertions or deletions (DNA repair enzymes) ; by 
administering enzymes which serve to correct frameshifted 
RNA via splicing, e.g*, ribozymes; or by administering 

15 oligonucleotides or sequences encoding oligonucleotides to 
a cell as templates for repair of an insertion or deletion 
mutation. A patient in need thereof will include a patient 
exhibiting symptoms of the disease, even those patients 
suspected of developing the disease, i.e. , who are monitored 

20 according to the invention by measuring the a tissue sample, 
e.g,, the cerebrospinal fluid, for the^ presence of 
frameshifted peptides (e.g. peptides having an amino acid 
sequence in the +1 or +2 reading frame) . 

25 Therefore, it is contemplated according to the 

invention that the wild type version of the mutant (i»e., 
frameshifted) gene, or its encoded wild type protein, may be 
administered to the patient in order to treat the disease 
associated with the presence of the mutant gene or its 

30 encoded protein. 

According to the invention, a vector encoding a non- 
mutated version of a frameshifted gene under the control of 
a promoter can be delivered to affected or susceptible cells 
35 leading to the production of the correct protein in the 
cell. Without being bound by any one theory, it is 
suggested that increasing the percentage of the correct 
protein produced in relation to the hybrid wild- 
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type/nonsense protein will reduce or prevent further 
progression of the disease, and possibly reverse the 
diseased state. For example, in neurons having undergone a 
frameshift mutation in one of two expressed alleles, the 
5 balance between the wild-type and mutant transcripts may be 
shifted in favor of the wild-type one as a result of the 
treatments described herein. In addition, it is possible 
that not every mutant gene and transcript results in a 
mutant protein that is directly toxic to the neuronal 

10 tissue. For example, the mutant protein may be routed to 
the lysosomal system or just secreted (e.g. by the 
constitutive or regulated pathway) and degraded elsewhere. 
However, sometimes the mutant protein will be accumulated 
in the membranes of organelles, for instance in the 

15 endoplasmic reticulum, thus disrupting the normal processes 
of the cellular machinery. This may be especially true if 
both alleles of a given gene or if different genes are 
mutated. 

20 The wild-type version of the mutated gene encodes the 

correct protein. The wild-type gene corresponds to the 
mutated gene found present in the affected cells and 
preferably the wild-type gene is expressed at high levels 
leading to the production of more wild-type protein than the 

25 mutated protein. When the disease is a neurodegenerative 
disease, preferred wild-type genes include the 6 amyloid 
protein gene, the Tau gene, the ubiquitin gene, the 
apolipoprotein-E^ gene, the microtubule associated protein 
II (MAP2) gene and the neurofilament protein genes. The 

30 sequences of these genes are provided herein in the figures. 
Other preferred wild-type genes include the alpha and beta 
tubulin genes, the sequences of which are found in Cowan et 
al., Mol. and Cellular Biology, 3, 1738-1745(1983) and Lewis 
et al., J. Mol. Biol. 182, 11-20(1985), repectively. 

35 

VJhen the disease is a non-hereditary cancer, preferred 
wild-type gene sequences include but are not limited to the 
human p53 gene and the bcl-2 gene. Mammalian phosphoprotein 

SUBSTITUTE SHEET (RULE 25) 




wo 97/12992 PCT/IB96/01 1 06 

50 

p53 has been shown to play an essential role in regulation 
of cell division and is required for the transition from 
phase GO to Gl of the cell cycle- P53 is normally present 
in very low levels in normal cells and is believed to be a 
5 txamor suppressor gene; when present at high levels, p53 has 
been shown to play a role in transformation and malignancy. 
P53 gene alleles from normal and malignant tissues have been 
shown to contain Bglll site polymorphism (Buchman et al., 
1988, Gene 70:245). The p53 coding region contains several 

10 GAGA motifs, e.g., GAGAC at position 1476 of the sequence 
published in Buchman et al,, GAGA at position 1498; GAGA at 
position 1643; and GAGA at position 1713, which motifs 
present candidate sites for frameshift mutations according 
to the invention. A frameshift mutation within the p53 gene 

15 thus may lead to loss of the natural p53 tumor suppressor 
function. Detection of such a mutation in p53 may be 
diagnostic of pre-malignancy or malignancy, and treatment 
as described herein which results in correction of p53 
function may restore tumor suppressor function. 

20 

It is also contemplated according to the invention 
that a mutant gene, which mutation comprises a somatic 
mutation giving rise to a frameshift mutation that includes 
a nucleotide deletion or insertion (i.e., of one or more 

25 nucleotides) , may be due to a deficit in one or more DMA 
repair enzymes and/or associated proteins in the cell 
containing the mutant gene. Therefore, where the disease is 
associated with a deficiency in a DNA repair enzyme, the 
disease may be treated by administering a DNA repair enzyme, 

3 0 or sequences encoding the repair enzyme, to the patient. 

The present invention thus further provides a method 
of treatment and/or prevention of a disease caused by or 
associated with at least one gene having one or more somatic 
35 mutations giving rise to a frameshift mutation, comprising 
administering a vector encoding one or more repair enz/mes 
under the control of a promoter to a patient suffering from 
or likely to suffer from the disease, or delivering the 
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repair enzyme itself to a target cell containing the 
frameshifted gene. 

The repair enzyme can be any repair enzyme which is 
5 capable of or contributes to, the repair of a somatic 
mutation which leads to a frameshift mutation, such as a 
dinucleotide deletion. Preferred repair enzymes include Mut 
H, Mut S, Mut L, and Mut U and the mammalian homologues 
thereof. These include MSH 1-6, PMS 1-2 and MLH 1, as 

10 described in Prolla et al.. Science 265:1091, 1994; Strand 
et al., 1993, Nature 365:274; Kramer et al. , 1984, Cell 
38:879; Johnson et al., 1995, Science 269:238; Horii et al., 
1994, Biochem. Biophys. Res. Comm. 204:1257; Jeyaprakash et 
al., 1994, Mutation Research 325:21; J.H.J. Hoei jmakers, 

15 1987, Journal of Cell Science Suppl . 6:111-125; and Kunkel 
et al. , supra. 

The invention also encompasses methods of combatting 
diseases caused by at least one gene having one or more 

2 0 somatic mutations giving rise to a frameshift mutation by 

targeting the mRNA transcript transcribed from the mutated 
gene. Thus, it is also contemplated according to the 
invention that a frameshift mutation within a gene may be 
corrected at the level of the frameshifted RNA via splicing 

25 using a ribozyme having specificity for the correct mRNA 
sequence (see Denman et al.. Arch. Of Biochem. Biophysics. 
323,71-78,1995), and correcting the mutant mRNA using 
ribozymes. The disease associated with the frameshifted 
gene is thus treated by administering an appropriate 

30 ribozyme, or sequences encoding the ribozyme, to the 
patient. 

Ribozymes of selected specificities may be made as 
described by Sullenger & Cech, Nature 371: 619-622, 1994), 

3 5 herein incorporated by reference. The ribozyme encoded by 

the vector is preferably specific for RNA containing the 
mutations described above or for the RNA encoding a 
defective repair enzyme. For example, if a defect in a 
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repair enzyme has led to the mutated aen^ kv, 
transcribed messaae fram ' ^ correcting the 

----- - o:r;. r;/::::; 

' " di= ™" i-vention also encc„p«se. methods of treatina 
diseases caused by or associated with at lea^. 
Havin, one or .ore somatic station , vi" ris^e^ ^ 
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sequences encoding oligonucleotides t,, . * 
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have a wild-type sequence with "respect o'!:" 
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cells. Targeted -utagenesis in v^o 
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With the base pair to be .utated. o«rrepair e " ' 

then recognize the „is„atch and will repafr th ""^ 

Targeted mutagenesis via triple h^ L fo "t 

^ ^-■-j-HJ-e neiix formation has boon 

Shown to wor. in .a..alian cells (see Wang et al 
35 Mol. Cell Biol. 15:1759). ' 

Disease treatment accordinq to -h» < 

described below and includes preparLi ^"^^ntxon is 

ciuaes preparation c. the administered 
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substance and administration of the substance to a patient 
suffering from a disease according to the invention. As 
used herein "substance" refers to any one of the following: 
a DNA repair enzyme, a ribozyme, a nucleic acid sequence 
5 encoding a repair enzyme or a ribozyme, a nucleic acid 
sequence comprising a wild type version of a mutant gene, 
and a wild type protein encoded by the wild type gene, an 
antibody specific for the f rameshif ted (nonsense) protein, 
and oligonucleotides having a wild type sequence to serve as 
10 a template for repair of a f rameshif t mutation. 

Disease treatment according to the invention may be 

accomplished as follows. In Example 5, administration of 

nucleic acid sequences according to the invention is 
15 described. 

In Example 6, the purification of DNA repair enzymes 
is described. In Example 7, administration of proteins, 
ribozymes, or nucleic acids using liposomes is described. 
20 And in Example 8, delivery of these substances across the 
blood-brain barrier is described. 



Example 5 

25 Admin istral- ion of WMnleic Acids 

Delivery of nucleic acid sequences encoding substances 
which effect or facilitate repair of the frameshifted gene 
is carried out as follows. Sequences encoding repair 

30 enzymes, ribozymes, a wild-type version of a mutant gene, or 
a wild-type oligonucleotide sequence may be cloned into an 
appropriate vector for expression in a desired mammalian 
cell. The vector will include a promoter that is expressed 
in the target cell type, and also may include an enhancer 

35 and locus control region, as selected for expression in a 
given cell type. Examples of vectors useful according to 
the invention include but are not limited to any vector 
which results in successful transfer of the coding sequences 
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vectors ' "'"^'"^ °r adenoviral 



5 For example, the retroviral gene tr«n<=* 

(Kantoff et al. Proc N.^ ^ transfer vector SAX 

used to insert' ; 

cell SAX r ' ^ ^-^-t 

cell. SAX IS a moloney virus based vector with ^-k 

gene promoted from the retroviral LTR and k 

10 promoted from an internal SV40 

w ^ -incernal SV4 0 promoter. Thus th*. <5»y 

vector may be engineered by one of skill in t^ . 

It has been previously shown thai- ^iv.^ 
targeted to ;,r,H ribozymes can be 

aj-yetea co and can correct inc,r.i^i 

correcting the mutant mPNA ^-h^ 
correct protein wlli be translat.rt »k 

treating the disease. One ,n th ^^'"^ "^"^ 

-acHin, o. Suiie„,er . Cec 3 ! IIUrT'r 

" a ribo.y.e to correct the transcr/ot t 

the „„tant ,ene of the present TZZli: 

Expression vectors are known in the art wh^^k 
OT •may, w ■ . Which encode 

or may be engineered to encode, a selected r,H«, 
>0 et al Nnoi * selected ribozyme. Yuyama 

rU;:^xrr\;?.rto;r""""' °- - 

= 3e,.e„ce. .hou et ai. Oene . 3 "^''"^^ 

al T7- . -L4y. 33, 1994 , and Yamada et 
^J-., Viroloov 5nt;.i'5i . 



Virology 305;12,. ^ retroviral 

transduction of riho.y„e sequences into T cells "nes 
retroviral vectors „ay be adapted to encode a selected' 

SUBSTITUTE SHEET (RULE 26) 



wo 97/12992 



55 



PCT/IB96/0n06 



ribozyme sequence. Lxu et al., cene Th.r.py 1 = 32. »9A and 
l^e er.l.. =e„e Therapy 2 = 377. 1,95. describe expression 
vectors which are adaptable for use in expression of any 
nucleic acid sequence contemplated according to 

invention. 

once the vector contains the desired coding region, 
the vector may be introduced ex yiyo into a selected 
population of cells isolated from a patient, and the 
transfected cells then reintroduced into a patient. The 
coding sequence for the repair enzyme, ribozyme, wild-type 
version of a mutant protein, or oligonucleotide, will then 
be expressed in the patient, and the reintroduced population 
of cells may expand and thus provide a cell population m 
which the frameshift mutation is corrected. 

Alternatively, the vector may be encapsulated in 
liposomes, as described hereinbelow, and administered to the 
patient. The vector-containing liposomes may be prepared so 

) as to target a particular cell type suspected or known to 
contain a frameshift mutation in a particular gene, and the 
vector will be introduced into that cell type and result in 
correction of the frameshift mutation, i.e., by virtue of 
the presence of the encoded DNA repair enzyme or by 

5 substitution of the mutant gene sequence with the 
corresponding wild-type sequence. Should the frameshift 
mutation result from a splicing defect, the presence of an 
appropriate ribozyme is expected to result in correction o. 
the splicing defect, and thus of the frameshift mutation. 



0 



15 



Example 6 

PT-»naratio » nWA Repair Enzymes 

DNA repair enzymes may be prepared and purified for 
use in the invention as follows. A general review of 
purification methods for DNA repair enzymes can be found 
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DNA REPAIR: A Laboratory Manual of Research Procedures, 

edited by E. Friedberg and P,C. Hanawalt, published by 
Marcel Dekker, New York. 

5 With regard to purification of repair enzymes useful 

according to the invention, the first step of the 
purification process, molecular sieving, serves to separate 
the DNA repair enzymes from the vast majority of proteins 
with larger sizes based on relative rates of migration of 
10 the DNA repair enzymes and the contaminating proteins 
through the molecular sieve matrix. 

Molecular sieving can be accomplished by many methods, 
including gel filtration and electrophoresis. In gel 

15 filtration proteins flow around and through pores in beads 
made from dextran, polyacrylamide, agarose, agarose and 
acrylamide composites, or other material. The size of the 
bead pores include or exclude proteins based on size. In 
electrophoresis, proteins move in an applied electric field 

20 through a sizing matrix. 

The preferred molecular sieving method for use with 
the present invention is gel filtration because the enzyme 
can be easily recovered and because the method is 

25 independent of such factors as net protein charge. The pore 
size of the beads used with this method are selected to 
maximize separation of DNA repair enzymes from the bulk of 
other proteins. A general guideline for selecting the gel 
filtration matrix is that the gel should have an exclusion 

30 limit greater than about twice the molecular weight or 
Stokes' radius of the DNA repair enzyme and less than about 
60,000 daltons or 35 Angstroms. 

A wide variety of elution buffers may be used to elute 
35 the DNA repair enzyme from the gel filtration column. The 
selected buffer should satisfy the following criteria: 1) 
the buffer should not denature or inactivate the DNA repair 
enzyme, 2) the buffer should not permit ionic adsorption of 
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the DNA repair enzyne to the gel filtration media, and 3) 
the buffer should be compatible with loading of the eluate 
onto the nucleic acid affinity column, that is, the elution 
buffer should be chosen so that complexes will form between 
5 the DNA repair enzyme and the immobilized nucleic acids of 
the affinity column. 

The second step of the purification process-nucleic 
acid binding-separates the DNA repair enzymes from the 

10 remaining protein impurities by the ability of DNA repair 
enzymes to reversibly bind to nucleic acids. Separation by 
nucleic acid binding can be accomplished by various methods, 
including nucleic acid affinity chromatography. In this 
method, nucleic acids are immobilized on an inter matrix, 

15 such as agarose, polyacrylamide beads, cellulose or other 
media. Depending on the DNA repair enzyme which is being 
purified, the immobilized nucleic acids may be double- or 
single-stranded DNA, double- or single-stranded RNA, or 
other types, lengths, structures or combination of nucleic 
0 acids, such as tRNA, Z-DNA, supercoiled DNA, ultraviolet- 
irradiated DNA or DNA modified by other agents. Single- 
stranded DNA is preferred. 

The nucleic acids may be attached to the solid phase 
5 matrix by a variety of methods, including covalent 
attachment of the nucleic acid through primary amines or by 
absorbing the nucleic acids to a matrix such as cellulose, 
which releases nucleic acids slowly. The preferred 
immobilization method is use in a cyanogen-bromide 
0 activated Sepharose and to bind the nucleic acids to the 
activated Sepharose covalently. Alternatively, single- 
stranded DNA covalently bound to agarose can be purchased 
commercially from Bethesda Research Labs. Gaithersburg, MD. 
(Catalog No. 5906SA) . 



5 



The DNA repair enzymes are applied to the nucleic 
acids in a solution which should satisfy the following 
criteria: 1) the solution should permit reversible binding 
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Of the DNA repair enzyme to the nucleic acids, 2) the 
solution should reduce nonspecific binding of contaminating 
proteins to the nucleic acids, and 3) the solution should 
not cause damage to the nucleic acids. In general, a 
5 neutral buffered solution with physiological saline and 1 mM 
EDTA will satisfy these criteria. As discussed above, in 
accordance with the invention, the nucleic acid affinity 
column. Accordingly, the elution buffer used with the 
molecular sieve column should be chosen to satisfy the 
10 foregoing criteria. 

The bound DNA repair enzymes are eluted from the 
nucleic acid affinity column with a gradient which removes 
the enzyme from the nucleic acid at a characteristic 

15 condition and concentrates the enzyme by the focusing effect 
of the gradient. The elution system, however, should not 
denature the enzyme or introduce contaminants into the final 
product. A gradient of NaCl up to l.OM will in general be 
sufficient to reverse binding of most DNA repair enzymes to 

20 nucleic acids. In appropriate cases ^ the gradient may be 
one of another salt, increasing or decreasing pH, 
temperature, voltage or detergent, or, if desired, a 
competing ligand may be introduced to replace the nucleic 
acid binding, 

25 

Example 7 

Liposomal Delivery AccordinQ to the Invention 

30 Substances may be administered according to the 

invention using any delivery means known in the art. 
Described below is liposomal delivery. Liposomes which are 
used to administer the DNA repair enzymes, ribozymes, a 
wild-type version of a hybrid wild-type/nonsense protein, or 

35 nucleic acid sequences encoding enzymes, ribozymes or a 
wild-type protein, antibodies specific for a hybrid wild- 
type/nonsense protein or oligonucleotides can be of various 
types and can have various compositions. The primary 
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restrictions are that the liposomes should not be toxic to 
the living cells and that they should deliver their contents 
into the interior of the cells being treated. 

5 The use of pH sensitive liposomes to mediate the 

cytoplasmic delivery of calcein and FITC dextran has been 
described (see Straubinger et al,. Cell 32:1069-1079, 1983; 
and Straubinger et al., FEES Letters 179:148-154, 1985. 
Other discussions of pH sensitive liposomes can be found in 

10 chapter 11 of the book CELL FUSION, edited by A.E. Sowers, 
entitled "Fusion of Phospholipid Vesicles Induced by 
Divalent Cations and Protons" by Nejat Duzgunes et al., 
Plenum Press, N.Y., 1987, 241-267. See also Ellens et al.. 
Biochemistry, 23:1532-1538, 1984, and Bentz * et al., 

15 Biochemistry 26:2105-2116, 1987. 

The liposomes may be of various sizes and may have 
either one or several membrane layers separating the 
internal and external compartments. The most important 

20 elements in liposome structure are that a sufficient amount 
of enzyme or nucleic acid be sequestered so that only one or 
a few liposomes are required to enter each cell for delivery 
of the substance, and that the liposome be resistant to 
disruption. Liposome structures include small unilamellar 

25 vesicles (SUVs, less than 250 angstroms in diameter), large 
unilamellar vesicles (LUVs, greater than 500 angstroms in 
diameter) , and multilamellar vesicles (MLs) . In the example 
presented below, although SUVs are used to administer DNA 
repair enzymes, the methods are applicable to administration 

30 of ribozymes or sequences encoding repair enzymes, 
ribozymes, antibodies specific for hybrid wild- 
type/nonsense proteins, or wild-type genes or their encoded 
proteins, or oligonucleotides. 

35 SUVs can be isolated from other liposomes and 

unincorporated enzyme by molecular weight can be isolated 
from other liposomes and unincorporated enzyme by molecular 
sieve chromatography, which is precise but time consuming 
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and dilutes the liposoaes, or differential centrifugation. 
Which is rapid but produces a wider range of liposome sizes. 

The liposomes may be made from natural and synthetic 
5 Phospholipids, glycolipids, and other lipids and lipid 
congeners; cholesterol, cholesterol derivatives and other 
Cholesterol congeners; charged species which impart a net 
Charge to the membrane; reactive species which can react 
after liposome formation to link additional molecules to the 
liposome membrane; and other lipid soluble compounds which 
have chemical or biological activity. 

The liposomes useful according to the invention may 
be prepared, for example, as described in U.S. Patent No 
5,296,231, Which describes preparation of liposomes 
containing a DNA repair enzyme, although it should be borne 
in mind that liposomes useful according to the invention may 
contain any one of the substances as herein described. 
Briefly, by combining a phospholipid component with an 
aqueous component containing the DNA repair enzyme (or 
desired substance) under conditions which will result in 
vesicle formation. The phospholipid concentration must be 
sufficient to form lamellar structures, and the aqueous 
^ component must be compatible with biological stability of 
25 the enzyme. Methods for combining the phospholipids onto 
glass and then vesicles will form include: drying the 
Phospholipids onto glass and then dispersing them in the 
aqueous component; injecting phospholipids dissolved in a 
vaporizing or non-vaporizing organic solvent into the 
30 aqueous component which has previously been heated; and 
dissolving phospholipids in the aqueous phase with 
detergents and then removing the detergent by dialysis 
The concentration of the DNA repair enzyme in the aqueous 
component can be increased by lyophilizing the enzyme onto 
35 dried phospholipids and then rehydrating the mixture with a 
reduced volume of aqueous buffer. SUV's can be produced 
from the foregoing mixtures either by sonication or by 
dispersing the mixture through either small bore tubing or 
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through the small orifice of a French Press. 

DNA repair enzymes incorporated into liposomes can be 
administered to living cells internally or topically* 
5 Internal administration to animals or humans requires that 
the liposomes be pyrogen-free and sterile. To eliminate 
pyrogens, pyrogen-free raw materials, including all 
chemicals, enzymes, and water, are used to form the 
liposomes. Sterilization can be performed by filtration of 

10 the liposomes through 0.2 micron filters. For injection, 
the liposomes are suspended in a sterile, pyrogen-free 
buffer at a physiologically effective concentration. 
Topical administration also requires that the liposome 
preparation be pyrogen-free, and sterility is desirable. In 

15 this case, a physiologically effective concentration of 
liposomes can be suspended in a buffered polymeric glycol 
gel for even application to the skin- In general, the gel 
should not include non-ionic detergents which can disrupt 
liposome membranes. Other vehicles can also be used to 

20 topically administer the liposomes. 

The concentration of the substance in the final 
preparation can vary over a wide range, a typical 
concentration being on the order of 50 ug/ml. In the case 
25 of pH sensitive liposomes, lower concentrations of the 
substance can be used, e.g., on the order of 0.01 to 1.0 
ug/ml for liposomes administered to cells internally. In 
case of topical application, higher liposome concentrations 
used, e.g., ten or more times higher. 

30 

Example 8 

Adminstration Across the Blood-Brain Barrier 

35 Where it is desired according to the invention to 

administer a DNA repair enzyme, a ribozyme, or their nucleic 
acid coding sequences, a wild-type version of a hybrid wild- 
type/nonsense protein that is associated with the disease, 
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or its coding sequence, or oligonucleotides or their coding 
sequences or liposomes containing such substances, to an 
xndxvadual such that the administered material crosses the 
^ blood-braxn barrier, several methods are Jcnovn in the art. 

it H T^'"'*^"' " ""''"^^"^^ ^° ^« administered, whether 

It be protexn or nucleic acid or liposome, may be co- 
admxnxstered with a polypeptide, for example a lipophilic 
polypeptide that increases permeability at the blood-brain 
barrxer. Examples of such polypeptides include but are not 
ixmxted to bradykinin and receptor mediated permeabilizers 
such as A-7 or its conformational analogues, as described i^ 
U.S. Patent Nos. 5,112,596 and 5,268,164. The 
permeabilizing polypeptide allows the co-administered repair 
enzyme ribozyme, coding sequence or liposome to penetrate 
the blood-brain barrier and arrive in the cerebrospinal 
fluxd compartment of the brain, where the repair enzyme, 
rxbozyme, or coding sequence may then reach and enter a 
target neuronal cell. Alternatively, the substance to be 
20 administered may be coupled to a steroidal estrogel or 
androgel to increase binding to steroid receptors and thus 
access to the brain. 



25 H «>^-»Plary method for administering a substance 

25 such as a DNA repair enzyme, ribozyme, antibody, nucleic 
acxds, or liposomes containing such molecules, according to 
the xnvention includes forming a complex between the 
substance to be administered and an antibody that is 

30 T!'"'" "'^'^ ' transferrin receptor, as described in U.S. 

30 Patent No. 5,182,107. The complex may include a cleavable 
or non-cleavable linker and is administered under conditions 
Whereby binding of the antibody to a transferrin receptor 
on a brain capillary endothelial cell occurs and the 
substance is transferred across the blood-brain barrier in 

-J 5 active form. 
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Other Dosages and Modes of Administration 

A patient that is subject to a disease state which is 
associated with a frameshift mutation may be treated in 
5 accordance with the invention, as described above, via in 
Y i yo r e>( vivo or in vitro methods. For example in in vivo 
treatments, a nucleic acid vector encoding a repair enzyme, 
ribozyme, wild-type version of a hybrid wild-type/nonsense 
protein, or oligonucleotide that corresponds in sequence 
0 (except for the inserted or deleted nucleotide (s) ) to the 
frameshifted region of the hybrid wild-type/nonsense protein 
coding region can be administered to the patient, preferably 
in a pharmaceutically acceptable delivery vehicle and a 
biologically compatible solution, by ingestion, injection, 
inhalation or any number of other methods. The dosages 
administered will vary from patient to patient; an 
"effective dose" will be determined by the level of 
enhancement of function of the transferred genetic material 
balanced against any risk of deleterious side effects. 
Monitoring gene expression and/or the presence or levels of 
the encoded mutant protein or its corresponding "sense" 
protein will assist in selecting and adjusting the dosages 
administered. Generally, a composition including a vector 
will be administered in a single dose in the range of 10 ng 
- 100 ug/kg body weight, preferably in the range of 100 ng - 
10 ug/kg body weight, such that at least one copy of the 
sequence is delivered to each target cell. A composition 
including a protein, e.g., a DNA repair enzyme or a wild- 
type version of a hybrid wild-type/nonsense protein, will be 
administered in single or multiple doses, as determined by 
the physician, in the range of 10 ug - i mg, or within the 
range of 100 ug - 50 ug. A composition including a 
nucleoprotein such as a ribozyme will be administered in 
single or multiple doses, as determined by the physician, in 
the range of 50 ug - 1 mg, or within the range of 100 ug - 
500 ug. A composition including an oligonucleotide will be 
administered in a single dose in the range of 5 ng - 10 ug, 
or within the range of 100 ng - 500 ng. Any of the above 
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dosages nay be administered according to the body weight of 
the patient, as determined by the physician. 

Sic_id2£o transduction is also contemplated within the 
5 present invention. Cell populations can be removed from the 
patient or otherwise provided, transduced with a vector in 
accordance with the invention, then reintroduced into the 
patient. The number of cells reintroduced into- the patient 
will depend upon the efficiency of vector transfer, and will 
10 generally be in the range of lo* - lo* transduced 
cells/patient. 



The cells targeted for ex vivn gene transfer in 
15 accordance with the invention include any cells to which the 
delivery of the vector is desired, for example, neuronal 
cells or stem cells. 

Protein, nucleic acid, or cells administered according 

20 to the invention is preferably administered in admixture 
with a pharmaceutically acceptable carrier substance, e.g., 
magnesium carbonate, lactose, or a phospholipid to form a 
micelle, the carrier and protein, nucleic acid or cell 
together can form a therapeutic composition, e.g., a pill, 

25 tablet, capsule or liquid for oral administration to the 
mammal. other forms of compositions are also envisioned, 
e.g., a liquid capable of being administered nasally as 
drops or spray, or a liquid capable of intravenous, 
parenteral, subcutaneous, or intraperitoneal administration. 

30 The substance administered may be in the form of a 
biodegradable sustained release formulation for 
intramuscular administration. For maximum efficacy, where 
zero order release is desirable, e.g., an implantable or 
external pump, e.g., an Infusaid'" pump (Infusaid Corp, MA), 

3 5 may be used. 
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Kits Useful According t the Inventi n 

The invention encompasses kits for diagnosis or 
treatment of diseases according to the invention, a kit 
5 including suitable packaging materials and one or more of 
the following reagents: a nucleic acid probe is as defined 
hereinabove, and optionally means for detecting the probe 
when bound to its complementary sequences. For example, the 
nucleic acid probe may be labeled, e.g., radiolabeled, 
10 f luorescently labeled, etc., or may be detected via indirect 
labeling techniques, e.g., using a biotin/avidin system, 
well known in the art. 

A diagnostic system, preferably in kit form,- comprises 
15 yet another embodiment of this invention. This system is 
useful for assaying the presence of a hybrid wild- 
type/nonsense protein or its derivative in cells by the 
formation of an immune complex. This system includes at 
least one package that contains an antibody of this 
20 invention. Optionally, a kit also may include a positive 
tissue sample control. 

Antibodies are also utilized along with an "indicating 
group" also sometimes referred to as a "label". The 
25 indicating group or label is utilized in conjunction with 
the antibody as a means for determining whether an immune 
reaction has taken place, and in some instances for 
determining the extent of such a reaction. 

30 The terms "indicating group" or "label" are used 

herein to include single atoms and molecules that are linked 
to the antibody or used separately, and whether those atoms 
or molecules are used alone or in conjunction with 
additional reagents. Such indicating groups or labels are 

3 5 themselves well-known in immunochemistry and constitute a 
part of this invention only insofar as they are utilized 
with otherwise novel antibodies, methods and/or systems. 
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fr,™ " "ti,en-sp.citic antibody or antibody 

fragment is detectably labeled by U„„i„, ^^e same to an 
enzy.. and u.e it in an EIA, or .n.y»e-li„ked immunosorbent 

ToZoTl "='""P»oto»etric • 

ZZZ T' P"^"-"^. Visual .Bans. The 

substrate .ay be a chro.o,eni= substrate which generates a 
reaction product visible to the naked eye 
10 ' ' 

Enrynes which can be used to detectably label the 
bindin, protein which is specific for the desired detectable 

15 d!Z '■°"="^-'> P-oxidase, glu=ose-6-phosphate 

15 dehydrogenase, staphylococcal nuclease, delta-v-sterold 
isoBerase, yeast alcohol dehydrogenase, alpha- 
glycerophosphate dehydrogenase, triose phosphate isomerase 
asparaginase, ribonuclease, urease, catalase, glucose-6- 
Phosphate dehydrogenase, glucoamylase and 
20 acetylcholinesterase. 



By radioactively labeling the binding protein, for 

boZ ; " " " 'he antigen 

^ bound to a solid support through the use of a 
25 radioimmunoassay (Ria, . The radioactive isotope can be 
detected by such Means as the use of a ganu.a counter or a 
scintillation counter or by autoradiography. Isotopes which 
are particularly useful for the purpose of the present 
invention are: 'h, «c. and preferably 

It is also possible to label the first or second 
binding protein with a fluorescent compound. when the 
fluorescently labeled antibody is exposed to light of the 
proper wave length, its presence can then be detected due to 
fluorescence. Among the most commonly used fluorescent 
labelling compounds are fluorescein isothiocyanate, 
rhodamine, phycoerythrin, phycocyanin, allophycocyanin, o- 
pnthaldehyde and f luorescamine. 

SUBSTITUTE SHEET (RULE 26) 





wo 97/12992 



PCT/IB96/01106 



67 



The first or second binding protein also can be 
detectably labeled by coupling it to a cheniluninescent 



5 antibody is then determined by detecting the presence of 
luminescence that arises during the course of a chemical 
reaction. Examples of particularly useful chemiluminescent 
labeling compounds are luminol, isoluminol, theromatic 
acridinium ester, imidazole, acridinium salt and oxalate 
10 ester. 

Likewise, a bioluminescent compound may be used to 
label the first or second binding protein. Bioluminescence 
is a type of chemiluminescence found in biological systems 
15 in which a catalytic protein increases the efficiency of the 
chemiluminescent reaction. The presence of a bioluminescent 
protein is determined by detecting the presence of 
luminescence. Important bioluminescent compounds for 
purposes of labeling are luciferin, luciferase and aequorin. 

20 

The invention also includes diagnostic reagents f r 
use in the present invention, such as nucleic acid 
sequences, probes and antibody molecules, and/or positive 
tissue controls, as described above, and kits including such 
25 reagents for use in diagnosing or treating a disease. 

An indicating group or label is preferably supplied 
along with the antibody and may be packaged therewith or 
packaged separately- Additional reagents such as hydrogen 

30 peroxide and diaminobenzideine, and nickel ammonium sulfate 
may also be included in the system when an indicating group 
such as HRP is utilized. Such materials are readily 
available in commerce, as are many indicating groups, and 
need not be supplied along with the diagnostic system. In 

35 addition, some reagents such as hydrogen peroxide decompose 
on standing, or are otherwise short-lived like some 
radioactive elements, and are better supplied by the end- 
user. 



compound . 



The presence of the chemiluminescent-tagged 
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Other Embodimpri^e 



It Will be understood that the invention is described 
by way of illustration only. Many other embodiments of the 
present invention in addition to those herein described will 
be apparent to those skilled in the art from the descripti n 
herein given without departing from the scope of the present 
invention as defined in the appended claims. 
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Table 1 

Table 1. Estimated percentages of early (<60 years) and 
late {>60 years) Alzheimer's disease (AD) onset. 
5 60% non-f amilial/40% familial (Van Broeckhoven, 1995, Eur. 
Neurol. 35, 8-19) 

/ 28% chromosome 14 (Presenilin I, S1B2) 

/ 2.4% chromosome 21 (BAPP) 

\ 1.0% chromosome 1 (Presenilin II, STM2) 

\ 60% sporadic cases 

N 8.6% sporadic cases 

10-30% chromosome 19 (apolipoprotein E) 
/ 

onset 

\ 

70% sporadic cases 

According to Ott et al. (Br. Med. J. 310, 970-973, 1995) the 
25 prevalence of dementia increases exponentially with age. In 
a case finding study in a general population of subjects of 
65 years of age and older, 34% of the subjects aged 85 and 
older held dementia. Of all cases of dementia, 72% were 
cases of Alzheimer's disease. 



10 

25% 



15 

/ 

AD 

\ 

20 75% late 
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Table 2 

Table 2. Inununoreactivities within the frontal lobe of the 
hu^an frontal cortex for various neuronal proteins of which 
the mRNA .3 expressed in the *i reading frame. Tissues were 
Obtained froa controls and neuropathologically confirmed 
Aizneimer cases. 



autopsy 
10 H*'mAP2'^^ 



age 



no. (years) (m/f ) 

controls 



sex 



AMY*' Tau"^ Ubi*' N F - 





89004 


34 


m 




15 










81267 


43 


m 






88149 


58 


m 




20 


90183 


65 


f 






90202 


72 


m 






91090 


80 


f 




25 


91126 


82 


f 


_ 




90203 


85 


m 






88109 


85 


f 




30 












81033 


90 


f 






90206 


90 


f 




35 


* pos. 


Staining 




0% 




Alzheimer' s cases 






40 


89166 


40 


in 






863645 


45 


m 






90262 


49 


m 


+ 




91092 


54 


f 




45 












850050 


56 


f 






92140 


62 


m 






88252 


66 


f 




50 


83170 


70 


f 






93104 


70 


m 


+ 




91118 


73 


f 





0% 0% 0% 



9% S 



+ 



+ 



+ 
+ 
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/ / 


ID 






+ 








93099 


77 


m 








+ 






93225 


81 


m 








+ 


+ 


5 


93101 


83 


f 














91045 


85 


f 






-1" 


+ 






90345 


86 


m 






+ 








91061 


88 


m 


+ 








+ 


10 


86004 


90 


f 










+ 




93105 


92 


f 






+ 


+ 





% pos. standing 26% 5% 63% 63% 63b 

also in glia (possible gliosis) 

15 
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TABLE 5 



GAGAG MOTIFS 



BASE PAIRS 
(CODING 
SEQUENCE OF 
LONGEST FORM) 



3APP 
TAU 

UBIQUITIN 
APOLIPOPROTEIN E4 
MAP2 

NF-LOW (68K) 
NF- MEDIUM (145K) 2748 
NF HIGH (200K) 3063 



2234 
1096 
687 
953 
5475 
582 



EXPECTED 
NUMBER 
(1:1024) 

2.2 
1.1 
0.7 
0.9 
5.3 
0.6 
2.7 
3.1 



ACTUAL 
NUMBER 



11 
3 
3 
2 
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Table 7 



RGRTSSKELA 

HGRLAPARHAS 

YADLREDPDRQ 

RQDHHPGSGAQ 

GAPRLPPAQAA 

KTRFQRKGPS 

PGNRSMGHE 

EAEGGSRS 

VGAAROSRAA 
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CLAIMS 

1. A method for the diagnosis of a disease caused by or 
associated with a gene having a somatic mutation giving rise 
to a frameshift nutation comprising: 

i. providing a biological sample from a patient 
suspected of having or developing said disease; and 

ii. detecting in said sample the presence of a mutant 
gene having a frameshift mutation or a protein encoded 
thereby, 

wherein detection is indicative of the disease. 

2. The method of claim 1, wherein the frameshift mutation 
comprises a deletion or an insertion of a nucleotide. 

3. The method of claim 2, wherein the frameshift mutation 
is associated with the nucleotide sequence GAGA. 

4. The method of claim 3, wherein the frameshift mutation 
comprises a dinucleotide mutation associated with a 
nucleotide sequence comprising GAGA. 

5. The method of claim 3, wherein said sequence comprises 
GAGAX, where X is one of G, A, T, or C. 

6. The method of claim 3, wherein said sequence comprises 
GAGAG or GAGAC. 

7. The method of claim l, wherein the disease is cancer 
or a neurodegenerative disease. 

8. The method of claim 7, wherein the disease is 
Parkinson's disease, Alzheimer's disease, or Down's 
Syndrome . 

9. The method of claim i wherein the gene having a 
frameshift mutation encodes the p amyloid precursor protein, 
the Tau protein, ubiquitin, apolipoprotein-E, (Apo-EJ ,' 
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microtubule associated protein II (MAP 2) or the 
neurofilament proteins. 

10. The method of claim 1 wherein the biological sample 
comprises body fluid or tissue. 

11. The method of claim 10 wherein said body fluid 
comprises cerebral spinal fluid or blood. 

12. The method of claim 10, wherein the tissue comprises 
skin or nose epithelium. 

13. The method of claim 1, wherein the mutant gene is 
detected by formation of a nucleic acid duplex wherein a 
first strand of said duplex comprises a nucleic acid probe 
having a sequence complementary to part of the mutant gene 
encompassing the mutation giving rise to the frameshift 
mutation, and the second strand of said duplex comprises a 
nucleic acid sequence of the mutant gene which is 
complementary to said probe. 

14. The method of claim 1, wherein the mutant gene is 
detected using PCR to amplify a fragment of the mutant gene 
encompassing the mutation giving rise to the frameshift, and 
then probing for the amplified fragment using a nucleic acid 
probe having a sequence complementary to part of the mutant 
gene encompassing the mutation giving rise to the frameshift 
mutation, or by sequencing the amplified fragment. 

15. The method of claim 1, wherein the protein encoded by 
the mutant gene is detected using an antibody molecule 
having specificity for the mutant protein and not for the 
wild-type protein, 

16. A method for identifying diseases caused by or 
associated with a gene having a somatic mutation giving rise 
to a frameshift mutation comprising: 



i. providing the sequence of a gene suspected of 
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being involved in the pathogenesis of a disease; 

ii. identifying the sequence of the mutant prdtein 
encoded by the gene sequence following a frameshift 
nutation ; 

iii. preparing a probe to the mutant protein or a 
fragment thereof; and 

iv. probing a biological sample from a patient having 
the disease and a biological sample from a patient not 
having the disease, 

wherein the presence of said mutant protein in a biological 
sample from a patient having the disease and the absence of 
said mutant protein in a biological sample from a patient 
not having the disease indicates that the presence of the 
mutant protein in a biological sample is a marker for the 
disease or susceptibility to the disease. 

17: A diagnostic kit for diagnosing a disease caused by 
or associated with a gene having a somatic mutation giving 
rise to a frameshift mutation, the kit comprising: 

i. a labelled nucleic acid probe having a sequence 
complementary to part of the mutant gene which 
encompasses the mutation which leads to the frameshift 
mutation; and 

ii. packaging materials therefor. 

18. A diagnostic kit for diagnosing a disease caused by 
or associated with a gene having a somatic mutation giving 
rise to a frameshift mutation comprising: 

i. a pair of primers for use in a PCR reaction, 
wherein said pair comprises sequences complementary 
to sequences on either side of the mutation which 
gives rise to the frameshift mutation, and reagents 
necessary for performing a PCR reaction; and 

ii. packaging materials therefor. 

19. A diagnostic kit for diagnosing a disease caused by 
or associated with at least one gene having one or more 
somatic mutations giving rise to a frameshift mutation 
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comprising: 

i. an antibody molecule having specificity for the 
mutant protein and not the wild-type protein; and 

ii. packaging materials therefor. 

20. A recombinant gene having a frameshift mutation, as 
described in of any one of claims 1 to 9 . 

21. The gene of claim 20 encoding at least part of the 
protein sequence designated +1 or +2 shown in any one of 
Figures 2 to 9. 

22. A mutant protein encoded by the gene of claim 20 or 
21. 

23. An immunogenic fragment of the mutant protein of claim 



24. The mutant protein of claim 22 or the immunogenic 
fragment of claim 22, comprising the amino acid sequence: 

RGRTSSKELA; 
HGRLAPARHAS ; 
YADLREDPDRQ; 
RQDHHPGSGAQ; 
GAPRLPPAQAA; 
KTRFQRKGPS ; 
PGNRSMGHE; 
EAEGGSRS ; or 
VGAARDSRAA . 

25. A pharmaceutical composition comprising a DNA repair 
enzyme admixed with a pharmaceutically acceptable carrier. 

26. A method of treatment and/or prevention of a disease 
caused by or associated with a gene having a somatic 
mutation giving rise \o a frameshift mutation, comprising 
administering a vector comprising an expressible gene 



22. 
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encoding a repair enzyme to a patient suffering from or 
susceptible to the disease. 

27. A vector comprising an expressible gene encoding a 
repair enzyme. 

28. A method of treatment and/or prevention of a disease 
caused by or associated with a gene having a somatic 
mutation giving rise to a frameshift mutation, comprising 
administering a vector comprising an expressible gene 
encoding a ribozyme to a patient suffering from or 
susceptible to the disease. 

29. A vector comprising an expressible gene encoding a 
ribozyme. 



30. A pharmaceutical composition comprising the wild- 
type analog of a mutant protein in admixture with a 
pharraaceutically acceptable carrier. 

31. A method of treatment and/or prevention of a disease 
caused by or associated with a gene having a somatic 
mutation giving rise to a frameshift mutation, comprising 
administering a vector comprising an expressible gene 
encoding the wild-type version of the mutated gene to a 
patient suffering from or susceptible to the disease. 

32. A vector comprising an expressible gene encoding the 
wild-type version of a mutated gene. 

33. A host cell containing a recombinant gene comprising 
a frameshift mutation, as described in claim 20 or 21. 

34. A transgenic animal having somatic cells which contain 
a transgene comprising a frameshift mutation, as described 
in claim 20 or 21. 
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35. The use of a vector encoding one or more repair 
enzymes under the control of a promoter in therapy • 

36. The use of a vector encoding one or more repair 
enzymes under the control of a promoter in the manufacture 
of a composition for the treatment of a disease caused by or 
associated with at least one gene having one or more somatic 
mutations giving rise to a frameshift mutation. 

10 37. The use of a vector encoding a ribozyme under the 
control of a promoter in therapy. 



38. The use of a vector encoding a ribozyme under the 
control of a promoter in the manufacture of a composition 

15 for the treatment of a disease caused by or associated with 
at least one gene having one or more somatic mutations 
giving rise to a frameshift mutation. 

39. The use of a vector encoding the wildtype version of 
20 the mutated gene under the control of a promoter in therapy. 

40. The use of a vector encoding the wildtype version of 
the mutated gene under the control of a promoter in the 
manufacture of a composition for treating a disease caused 

-25 by or associated with at least one gene having one or more 
T somatic mutations giving rise to a frameshift mutation. 

41. The use of more than one of the vectors of claim 21, 
29 and 32 in any combination in therapy. 



30 



42. The use of more than one of the vectors of claim 27, 
29 and 32 in any combination in the treatment and/or 
prevention of a disease caused by or associated with at 
least one gene having one or more somatic mutations giving 
35 rise to a frameshift mutation. 
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FIG. 1(A) 




FIG. 1(B) 
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